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(Lond.), F.N.I., Ghose Professor and Head of the Department of 
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F.G.S. (Lond.), M.R.A.S. (Lond.), M.R.S.T. (Lond.), Professor of 
Geology, N.E.D. Engineering College, Karachi, (up to Deo., 1940). 
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SECTIONAL CORRESPONDENTS : 
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Botony.— Prof. J. 0. Soa-Oupta, M-Sc. (Cal.), Ph.D., Senior Professor of 
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Zoology , — Hukunda Murari Chakravarty, Esq., M.So., Lecturer in 
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Entomology. — ^Dr. D. P. Raichoudhury, H.Sc., Ph.D. (Lond.), D.I.C., 
F.R.E.S., Zoological Laboratory, University College of Science and 
Technology, 36, Ballygunge Circular Road, Calcutta. 

Anthropology . — ^Minendra Nath Basu, Esq., M.Sc., P.R.S., 109/B, Keshab 
Chandra Sen Street, Calcutta. 

Medical and Veterinary Research, — Rai Bahadur K. N. Bagchi, B.Sc., 
M.B. (Cal.), F.I.C. (Lond.), D.T.M. (Cal. & L’pool), Chemical 
Examiner to the Gk)vemment of Bengal and Professor of Chemistry, 
Calcutta Medical College, Calcutta. 

Agriculture, — ^Dr. R. P. Hitra, D.Sc., Senior Assistcmt Soil Chemist under 
the Imperial Council of Agricultural Research, University College of 
Science and Technology, 92, Upper Circular Road, Calcutta. 

Physiology. — ^Banbihari Chatterji, Esq., M.Sc., M.B., Medical Practitioner 
and Lecturer in Physiology, Calcutta University ; 82, South Road, 
P.O. Entally, Calcutta. 

Psychology and Educational Science, — ^M. N. Samanta, Esq., M.Sc., De- 
monstrator, Psychology Department, University College of Science 
and Technology, 92, Upper Circular Road, Calcutta. 

Engineering, — ^^of. Surendra Kumar Roy, M.E.E. (Harvard), M.A.I.E.E., 
Professor-in-Charge, Department of Electrical Engineering, College 
of Engineering and Technology, P.O. Jadavpur College, 24-Parganas. 

LOCAL SECTIONAL SECRETARIES: 

Mathematics and Statistics. — Prof. V. V. Narlikar, B.Sc. (Bom.), B.A. 
(Cantab.), F.R.A.S., F.N.I., Head of the Matheimatics Department, 
Benares Hindu University, Benares. 

Physios, — Prof. B. Dasannacharya, Professor and Head of the Department 
of Physics, Benares Hindu University, Benares. 

Chemistry, — ^Prof. S. S. Joshi, M.Sc., D.Sc. (Lond.), University Professor 
and Head of the Chemistry Department, Benares Hindu University, 
-Benares 

Qeology.-^jyr, Raj Nath, M.Sc., D.I.C., Ph.D. (Lond.), Head of the 
Depcurtment of (Jeology, Benares Hindu University, Benares. 

Geography and Geodesy, — Dr. Raj Nath, M.Sc., D.I.C., Ph.D. (Lond.), 
Head of the Department of Geology, Benares Hindu University, 
Benares. 

Botony.— N. K. Tiwary, Esq., M.Sc., Botany Department, Benares Hindu 
University, Benares. 

Zoology. — ^Prof. A. B. Misra, D.Sc., D.Phil. (Oxon.), Professor and Head of 
the Department of Zoology, Benares Hindu University, Benares. 

Entomology. — ^Prof. A. B. Misra, D.Sc., D.Phil. (Oxon.), Professor and 
Head of the Department of Zoology, Benares Hindu University, 
Benares. 

AnPnropology . — ^Dr. A. S. Altekar, M.A., LL.B., D.Litt., Manindrachandra 
Ncmdi Professor and Head of the Department of Ancient Indian 
History and Culture, Benares Hindu University, Benares. 

Medical and Veterinary Research, — Principal B. A. Pathak, M.B.B.S., 
Ayurvedacharya, College of Ayurveda, Benares Hindu University, 
Benares. 

AgricvUure . — ^]^of. K. Kumar, Institute of Agricultural Research, Benares 
Hindu University ; New E/3, Benares Hindu University, Benares. 

Physiology.^Prot. Mahadeva L. Schroff, A.B. (Hons.) (Cornell), M.S. 
(Maes.), Raja Motichand Professor and Head of the Department 
of Pharmaceutics, Benares Hindu University, Benares. 
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Psychology and Educational Science. — Prof. B. L. Atreya, M.A., D.Litt., 
P^feesor of Philosophy and Psychology, Benares Hindu University ; 
Birla Hostel, P.O. Hindu University, Benares. 

Engineering. — Prof. G. C. Mukerjee, M.Sc., A.M.I.E.E., M.I.B.E., A.I.E.E., 
Professor of Electrical Engineering, Engineering College, P.O. Hindu 
University, Benares. 

HONORARY GENERAL SECRETARIES t 

Prof. S. K, Mitra, M.B.E., D.Sc., P.N.I., University College of Science 
and Technology, 92, Upper Circular Koad, Calcutta. 

P. Parija, Esq., M.A., F.N.I., I.E.S., Principal, Bavenshaw College, Cuttack. 

HONORARY TREASURER: 

Prof. J. N. Mukherjee, D.Sc., F.C.S., F.R.A.S.B., F.N.I., University 
College of Science and Technology, 92, Upper Circular Koad, Calcutta. 
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Sir Ardeshir Dalai, Kt., I.C.S. (Retd.) . . 
Prof. S. K. Mitra, M.B.E., D.Sc., F.N.I. ) 
P. Parija, Esq., M.A., F.N.L, LE.S. . . I 
Prof. J. N. Mukherjee, D.So. 

F.R.A.S.B., F.N.I. 

Prof. S. N. Bose, M.Sc., F.N.I. 

Dr. H. Chaudhuri, D.Sc., Ph.D., D.I.C.. . 
Prof. K. S. Krishnan, D.Sc., F.N.I., 
F.R.S. 


President. 

President-elect. 

General Secretaries, 


... F.C.S.,j 


Treasurer. 


Prof. P. 
F.N.I. 


C. Hitter, 


M.A., 


Ph.D., 


\ Elected by the General 
I Committee. 


Dr. Baini Prashad, D.Sc., F.R.S.E., I 
F.L.S., F.Z.S., F.R.A.S.B., F.N.I. . . 

Prof. J. N. Ray, D.Sc., F.N.I. 

W. D. West, Esq., M.A., F.N.L . . ^ 

Prof. B. N. Singh, D.Sc. . . .7 Local Secretaries 

Prof. P. S. Varma, M.Sc., A.I.I.Sc. . . } (co-opted). 


COUNCIL: 

1~14. (a) Members of the Executive Committee. Ex-offtcio. 

(b) Past Presidents who are Ordinary or Honorary Members. 

15. Sir P. C. Ray, Kt., C.I.E., Ph.D., D.Sc., F.C.S., F.R.A.S.B., F.N.I. 

16. Sir M. Visvesvaraya, K.C.I.E., M.Inst.C.E., D.Sc. 

17. Dr. J. L. Simonsen, D.Sc., F.I.C., F.R.S. 

18. Sir C. V. Raman, Kt., Nobel Laureate. 

19. Sir L. L. Fermor, Kt., O.B.E., D.Sc., F.G.S., A.R.S.M., M.Inst.M.M., 

F.N.I., F.R.S,, F.R.A.S.B. 

20. Prof. M. N. Saha, D.Sc., F.R.S., F.R.A.S.B., F.N.I. 

21. Dr. J. H. Hutton, C.I.E., M.A., D.Sc., F.R.A.S.B., F.N.I. 

22. Sir U. N. Brahmachari, Kt., M.A., M.D., Ph.D., F.R.A.S.B., P.S.M.F., 

F.N.I. 

23. Rao Bahadur T. S. Venkatraman, C.I.E., B.A., I.A.S., F.N.I. 

24. Sir James H. Jeans, Kt., D.Sc., Sc.D., LL.D., F.I.C., F.R.S. 

26. Dr. J. C. Ghosh, D.Sc., F.NJ. 

(c) Past General Secretaries who are Ordinary or Honora/ry Members, 

17. Dr. J. L. Simonsen, D.Sc., F.I.C., F.R.S. 

18. Sir 0. V. Raman, Kt., Nobel Laureate. 

26. Prof. S. P. Agharkar, M.A., Ph.D., F.L.S., F.N.I. 

27. Dr. H. B. Dunnicliff, H.A., Sc.D., F.I.C., F.N.I., I.E.S. 

6. Prof. J. N. Mukherjee, D.Sc., F.C.S., F.R.A.S.B., F.N.I. 

12. Hr. W. D. West, M.A., F.N.I. 

(d) Past Managing Secretaries who are Ordinary or Honorary Members, 

28. Mr. Johan van Manen, C.LE., F.R.A.S,B. 

22. Sir U. N. Brahmachari, Kt., M.A., M.D., Ph.D., F.R. A.S.B., F.S.M.F 
F.N.I. 


( 7 ) 
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(«) Past Treasurere who am Ordina/ry or Honorary MomberB. 

17. Dr. J. L. Simonsexi, D.Sc., F.I.C., IB'.'E.S. 

18. Sir C. V. Raman, Kt., Nolsel Laureate. 

10. Dr. B. Prashad, D.So., F.L.S., F.Z.S., F.R.8.E., F,R.A.S.B., F.N.I. 
29. Rai Bahadur Dr. 8. L. Hora, D.Sc., F.L.S., F.Z.S., F.R.S.E., 
F.R.A.S.B., F.N.I. 


30-43. (/) Sectional Preeidents, 

(g) Elected by the General Committee. 

44. Dr. Nazir Ahmad, O.B.E., Ph.D., F.Inst.P. 

45. Dr. W. R. Aykroyd, M.D., Sc.D. 

46. Prof. B. C. Guha, Ph.D., D.Sc. 

47. Dr. 8. 8. Joshi, M:.8 c., D.8o. 

48. Prof. G. R. Paranjpe, H.8c., A.I.I.Sc., I.E.S. 

49. Dr. B. 8anjiva Rao, M.A., Ph.D. 

60. Dr. M. R. 8ahni, M.A., Ph.D., D.8c., D.I.C. 


SECTIONAL GOMMITTEBS, 1940-41 
1. Mathematics and Statistics-- 


Prof. H. R. 8iddiqi 
Prof. 8. C. Dhar . . 

Prof. J. Ghosh . . 

Prof. V. V. Narlikar 
Prof. K. B. Hadhava 
Dr. R. Vaidyanathaswamy 

Prof. N. R. Sen . . 

Prof. A. C. Banerji 

Prof.N. R. Sen .. 

Prof. D.N. Sen .. 

Dr. M. R. Siddiqi 


Convener, 

Recorder. 

Sectional Correspondent. 
Local Sectional Secretary 

Elected Members. 

Past Presidents who are 
Ordinary or Honorary 

i Members. 

Past Recorders who are 
Ordinary or Honorary 
Members. 


2 . Physics— 

Prof. P. N. Ghosh 
Prof. R. K. Asundi 
Dr. 8. G. Sirkar . . 

Prof. B. Dasannacharya 

Prof. 8. Bhagavantam 

Dr. K. N. Mathur 

Sir C. V. Raman 

Mr. T. P. Bhaskara Shastri 

Dr. 8. K. Banerji 

Prof. M. N. Saha 

Prof. D. M. Bose 

Prof. 8. N. Bose . . 

Prof. B. VenkatescMjhar 
Dr, C. W. B. Normand 
Prof. 8. K. Mitra 
Prof. 8. Datta 
Dr. K. R. Runanathan 
Prof. K. 8. Krishnan 
Prof. G. R. Paranjpe 
Proft H. Pareuneswaran 
Prof. B. B. Ray . . 

Prof. 8. Datta 
Proli. D. S. Kothari 
Prof. Kamta Prasad 


Convener. 

Recorder. 

Sectional CorresponderU. 
Local Sectional Secretary. 

Elected Members. 


Past Presidents who are 
\ Ordinary or Honorary 
Members. 


Past Recorders who are 
Ordinary or Honorary 
Members. 
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3 . Ct^mlatry^ 

Prof. Mata Prasad 
Dr. M. Qureshi . . 

Mr. S. N. Miikherjee 
Prof. S. S. Joshi . . 
Prof. B. L. Manjunath 
Prof. K. 0. Pandya 
Dr. J. L. Simonson 
Sir P. C. Ray . . 

Dr. G. J. Fowler 
Prof. B. K. Singh 
Dr. J.C. Ghosh .. 
Prof. B. B. Dey . . 

Dr. H. K. Sen . . 

Sir S. S. Bhatnagar 
Prof. J. N. Mukherjeo 
Prof, P. C. Mitter 
Prof. P. K. Ray . . 
Prof. P. Neogi 
Dr. H. B. Dunnicliff 
Prof. A. C. Sircar 
Prof. P. C. Guha 
Dr. J. N. Ray 
Dr. P. B. Sarkar 
Dr. S Krishna . . 
Prof. P, C. Guha 
Prof. R. C. Ray . . 
Prof. Mata Prasad 
Prof. M. Qureshi 
Dr. J. N. Ray 
Dr. P. B. Sarkar 
Dr. H. Hasan 
Prof. S. S. Joshi . , 

Dr. Syed Husain 


Cofwener. 

Recorder. 



Sectional Correspondent. 
Local SecHoncU Secretory. 

Elected Members. 


Past Presidents who are 
Ordinary or Honorary 
Members. 



Past Recorders who are 
Ordinary or Honorary 
Members. 


4. Geology — 

Dr. M. R. Sahni . . 
Dr. A. S. Kalapesi 
Mr. V. P, Sondhi. . 
Dr. Raj Nath 
Mr. Syed Kazim . . 
Dr. C. S. Pichamuthu 
Mr. E. S. Pinfold 
Sir L. L. Fermor 
Mr. D. N. Wadia . . 
Prof. B. Sahni . . 
Dr. C. S. Fox . . 
Mr. P. Evans 
Dr. M. S. Krishnan 
Mr. B. Rama Rao 
Mr. W. D. West . . 
Mr. N. P. Gandhi 
Prof. S. K. Roy . . 
Prof. L. Rama Rao 
Dr. M. S. Krishnan 
Mr. N. N. Chatterjee 
Prof. S.K. Roy .. 
Prof. L. Rama Rao 
Dr. C. Mahadevan 


Convener. 

Recorder. 

Sectional Corresporuient. 
Local Sectional Secretary. 

Elected Members. 


\Past Presidents who are 
\ Ordinary or Honorary 
Members. 

I 

( Past Recorders who are 
Ordinary or Honorary 
Members. 
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a. Gcaanphy and Ocodacr— 

Dr. S. M. Tahir Rizvi 

Prof. Maneck B. Pithawalla 

Mr. A. K. Banerjee 

Mr. A. K. Banerjee 

Dr. Raj Nath 

Dr. S. C. Chatterjee 

Mr. B. M. Thirunaranan 

Mr. N. Subrahmanyctm 
Dr. Shibaprasad Chatterjee 

Mr. N. Subrahmanyam 
Dr. Shibaprasad Chatterjee 
Mr. George Knriyan 


Convener. 

Recorders. 

SeeUonal Correspondent. 
Local Sectional Secretary. 


Elected Mcmhers. 

Past Presidents who are 
Ordinary or Honorary 
Members. 

Past Recorders who are 
Ordinary or Honorary 
Members. 


6. Botany— 

Dr. Shri Ranjan . . 

Dr. P. Anand 

Prof. J. C. Sen-Qupta 

Mr. N. K. Tiwary 

Dr. K. Ahmad Chowdhury 

Dr. S. M. Sircar . . 

Dr. M. A. Sampathkumaran 
Prof. B. Sahni 
Prof. S. P. Agharkar 
Prof. M. O. P. Iyengar 
Prof. K. C. Mehta 
Prof. P. Parija . . 

Dr. T. Ekambaram 
Dr. H. Chaudhuri 
Dr. S. L. Ghose . . 

Prof. R. H. Dastur 
Prof, S. R. Bose . . 

Dr. Krishnadas Bagohee 
Prof. Y. Bharadwaja 
Prof. S. L. Ajrekar 
Prof. S. R. Bose 
Dr. Krishnadae Bagohee 
Prof. G. P. Majumdar 
Prof. M. Sayeed-ud-Din 
Prof. Y. Bharadwaja 
Dr. F. R. Bharuoha 


Convener, 

Recorder. 

Sectional Correspondent. 
Local Sectional Secretary. 

Elected Members. 


Past Presidents who are 
Ordinary or Honorary 
Members. 


Past Recorders who are 
Ordinary or Honorary 
Members. 


7. Zoology — 

Prof. A. Subba Rau 
Mr. J. L. Bhaduri 
Mr. M. M. Chakravarty 
Prof. A. B. Misra 
Dr. M. L. Bhatia . . 
Capt. S. Datta 
Mr. G. Matthai 
Dr. H. R. Mehra 
Dr. F. H. Gravely 
Prof. K. N. Bahl 
Dr. B. Prashad . . 

B r. B. Sundara Raj 
r. S. L. Hora 
Dr. B. L. Bhatia 


Convener. 

Recorder. 

Sectional Correspondent. 
Local Sectional Secretary. 

I Elected Members. 


Past Presidents who are 
Ordinary or Honorary 
Members. 
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Prof. D. R. Bhattacharya 
Prof. R. Gopala Aiyar 
Prof. P. R. Awati 
Prof. H. K. Mookerjee 
Dr. G. S. Thapar. . 

Prof. C. R. Narayan Rao 
Prof. B. K. Das . . 

Dr. H. S. Rao 
Prof. H. K. Mookerjee 
Dr. H. N. Ray . . 

Dr. O. S. Thapar. . 

Dr. H. S. Pruthi 

Mr. D. D. Mukerji 

Prof. S. G. M. Ramanujam 

Mr. G. K. Chakravarty 

Ii&. Beni Charan Mahendra . 


PcLst Presidents who are 
^ Ordinary or Honorary 
Members. 

i 


f Past Recorders who are 
Ordinary or Honorary 
Members. 


8. Entomology-- 

Rao Bahadur Y. Ramchandra Rao 
Dr. P. Sen 

Dr. D. P. Raichoudhury 
Prof. A. B. Misra 
Dr. B. C. Basu . . 

Dr. J. P. Joshua 
Mohamad Afzal Husain 
Dr. H. S. Pruthi 


Mr. D. D. Mukerji 

9. Anthropology— 

Mr. Tarak Chandra Das 
Dr. A. Aiyappan 
Mr. Minendra Nath Basu 
Dr. A. S. Altekar 
Dr. P. C. Biswas 
Prof. M. H. Krishna 
Rai Bahadur S. C. Roy 
Prof. P. C. Mahalanobis 
Dr. J, H. Hutton 
Dr. B. S. Guha . . 

Prof. K. P. Chattopadhyay . . 

Dr, G. S. Ghurye 

Mr. H. C. Chakladar 

Dr. D. N. Majumdar 

Rao Bahadur K. N, Dikshit . . 

Dr. G. M. Kurulkar 
Mr. T. C. Das 
Mr. H. C. Chakladar 
Dr, D. N. Majumdar 
Mr. T. C. Roychoudhuri 
Capt. R. N. Basu 

Afodlcsl and Veterinary Hfimarrh 
Mr. A. C. Ukil . . 

Prof. S. Ramakrishnan 
Rai Bahadur K. N. Baffohi . . 

Mr. B. A. Pathak 

Dr. G. D. Bhalerao 

1^** A. I^akshmanaswami Mndali ar 


:: 


Convener. 

Recorder. 

Sectional Correspondent. 
Local Sectional Secretary. 

Elected Members. 

Past Presidents who are 
Ordinary or Honorary 
Members. 

Past Recorder who is an 
Ordinary or Honorary 
Member. 


Convener. 

Recorder. 

Sectional Correspondent. 
Local Sectional Sen etary. 

Elected Members. 


J Past Presidents who are 
Ordinary or Honorary 
Members. 


ypast Recorders who are 
I Ordinary or Honorary 
I Members. 




Convener. 

Recorder. 

Sectional Correspondent. 
Local Sectional Secretary. 

Elected Members^ 
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Lt.-OoL S. S. Sokhey 
Lt.-Col. K. B. K. Iyengar . . 
Bt.-Col. R. N. Ohopra 
Sir U. N. Brahmaohari 
Bao Bahadur T. S. Timmurti 
Mr. J. B. Haddow 
Dr. M. B. Soparkar 
Mr. A. C. Ukil . . 

Bao Bahadur T. S. Tirumurti 
Prof. S. W. Hardikar 
Oapt. S. Datta 

Dr. Phanindranath Brahmaohari 
Dr. C. G. Pandit 


|pa«^ Presidents who ore 

( Ordinary or Honorary 
Members, 


[ Past Recorders who are 
Ordinary or Honorary 
Members, 


11. Agiiciiltiire — 


Mr. K. Bamiah . . 

Dr. C. N. Acharya 
Dr. R. P. Mitra . . 

Prof. K. Kumar . . 

Dr. Nazir Ahmad 
Dr. H. S. Pruthi 
Bao Bahadur M. R. Ramaswami Sivan 
Bao Bahadur T. S. Venkatreunan 
Sir T. Vijayaraghavacharya . . 

Bao Bahadur G. N. Bangaswami Ayyanga: 
Mr. M. Afzal Husain 
Mr. A. K. Y. Narayan Aiyer 
Bao Bahadur B. Viswanath 
Bao Sahib T. V. Bamakrishna Ayyar 
Bai Sahib Jai Chand Luthra 
Mr. N. V. Joshi .. 

Bao Bahadur B. Viswanath 
Dr. S. V. Desai . , 

Mr. Y. D. Wad .. 

Dr. A. N. Puri 
Dr. C. N. Acharya 


Convener. 

Recorder, 

Sectional Correspondent. 
Local Sectional Secretary, 

Elected Members. 


Past Presidents who are 
Ordinary or Honorary 
Members. 


Past Recorders who are 
Ordinary or Honorary 
Members. 


13. Phs^lology— 

Dr. B. B. Dikshit 
Dr. B. Mukerji 
Mr. Banbihari Chatterji 
Prof. Mahadeva L. Setoff 
Prof. M'. Damodaran 
Mr. K. Mitra 
Prof. W. Burridge 
Lt.-Col. S. L. B^itia 
Bt.-Col. R. N. Chopra 
Prof. N. M. Basu 
Dr. W. B. Aykroyd 
Prof. N. M. Basu 
Dr. S. N. Mathur 
Prof. B. Narayana 
Dr. B. B. Dikshit 


Convener, 

Recorder. 

Sectional Correspondent, 
Local Sectional Secretary^ 

Elected Members. 

Past Presidents who a re 
Ordinary or Honorary 
Members. 

Past Recorders who are 
' Ordinary or Honorary 
Members. 


If. PUfioMegy and Bdocatieoal Sdaiioe— 

Dr. I. Latif 
Dr. Gopeewar Pal 
Mr. M. N. Samanta 
Prof.^. L. Atreya 


Convener, 

Recorder, 

Sectional Correspondent. 
Local Sectional Secretary* 
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Dr. B. K. Bagchi 
Mr. Kali Praf^ . . 
Dr. N. N. Sen-Gupta 
Mr. N. S. N. Sastiry 
Dr. G. Boae 
Mr. M. K. Baaerji 
Dr. S. 0. Mitra 
Mr. J. M. Sen 
Mr. K. C. Mukherji 
Mr. Haripada Maiti 
Dr. D. D. Sheodarkar 
Mr. N. S. N. Sast^ 
Mr. M. N. Banerji 
Mr. D. Gamnilv . • 
Dr. D. D. Shendarkar 
Dr. I. Latif 


14. Engineering 

Mr. C. C. . . 

Dr. Anant H. Pandya 
Prof. Siirendra Kumar Roy 
Prof. G. C. Mukerjee 
Dr. N. K. Bose . . 

Dr. K. C. Chakko 


Elected Members. 


Past Presidents who cure 
Ordinary or Honorary 
Members, 


I Past Recorders who are 
Ordinary or Honorary 
Members. 


Convener. 

Recorder, 

. . Sectional Correspondent. 

. . Local Sectional Secretary, 

Elected Members. 



3. LOCAL RECEPTION COMMITTEE. 


PATRONS: 

1. Maharaja Kumar Sir Vijayaoand of Vijayanagram. 

2. The Hon’ble Maharajadhiraj Kameshwar Singh of Darbhanga* 

VIGE-PATRONS : 

1. Mediaraj Kumar of Sailania. 

2. Mr. Jyoti Bhuahun Gupta. 

3. Mr. Babu Lai (Axmapuma Mills). 

4. Mr. Seth M. Jaipuria. 

5. Mr. Bai Govind Ohand. 

6. Mr. B. Jagannath Prasad Khattri. 

7. Mr. Kishori Baman Prasad. 

8. Bai Bahadur Pt. Madho Bam Sand. 

9. Mr. Bai Krishnaji. 

10. Col. Bana Bhupal Samsher Jung Bahadur. 


CHAIRMAN: 

Prof. Sir S. Badhakrishnan, Kt., F.B.A., D.Litt.» LL.D., Vioe-Ghancellor^ 
Benares Hindu University, Benares. 


LOCAL SECRETARIES: 

Prof. B. N. Singh, D.Sc., Irwin Professor of Agriculture and University 
Professor of Plant Physiology, Head of the Institute of Agricultural 
Besearch, Dean of the Faculty of Technology, Benares lOndu Uni- 
versity , Benares. 

Prof. P. S. Varma, M.Sc., A.I.I.Sc., Professor of Organic Chemistry and 
Dean of the Faculty of Science, Benares Hindu University, Benares. 

HONORARY LOCAL TREASURER: 

Prof. S. C. Das Gupta, Department of Mathematics, Benares Hindu 
University, Benares. 


MEMBERS OF THE LOCAL RECEPTION COMMITTEE: 


Prof. S. K. Maitra. 
Prof. A. S. Altekar. 
Mr. Bama Charan. 
Prof. V. V. Narlikar. 
Dr. B. A. Pathak. 
Prof. U. C. Nag. 

Mr. H. N. Bose. 

Dr. C. M. Sogani. 

Dr. A. B. Misra. 

Prof. M. L. Schroff. 
Dr. B. K. Asundi. 

Dr. Baj Nath. 

Mr. y. P. Varshney. 
Lt.-Col. J. B. Vaidya. 
Prof. H. P. Philpot. 
Mr, B. L. Sahni. 


Mr. P. N. Agarwal. 

Dr. B. Dasanxiacharya. 
Dr. N. N. Godbole. 

Mr. V. G. Iyer. 

Mr. S. K. Basu. 

Mr. N. V. Raghavan. 

Dr. S. S. Joshi. 

Mr. H. N. Boy. 

Dr. V. S. Dubey. 

Mr. Puran Chand Mehra. 
Dr. B. L. Atreya. 

Mr. G. P. Mehta. 

Dr. C. N. Menon. 

Dr. J. S. Bajpai. 

Mr. Lakhmichand. 

Mr. Saran Sankar. 
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ASSOGIATEO MEMBERS OP THE RECEPTION COMMITTEE: 


Dr. Nadel. 

Dr. D. Swaroop. 

Dr. S. K. Basu. 

Prof. S. L. Dar. 

Prof. A. Nandy. 

Miss Monorazna Devi. 
Prof. N. K. Basu. 

Dr. A. C. Joshi. 

Prof. N. K. Tiwari. 
Mr. S. S. Roy. 

Capt. B. Chatter ji. 
Prof, R. L. Merh. 

Dr. R. B. Pande. 
Prof. S. 0. De. 


ICr. Sarju Prasad. 

Mr. L. K. Singh. 

Mr. N. L. Singh. 

Mr. G. P. Srivastava. 
Mr. Sankatha Prasad. 
Dr. Y. Bhcurculwaja. 

Mr. K. R. Mehta. 

Mr. Chandra Bal. 

Mr. K. N. Gupta. 

Mr. R. C. Saxsena. 

Mr. V. L. Powar. 

Dr. G. N. Pathak. 

Miss K. Vankateswaran. 
Mr. J. D. Jaiswal. 

Pt. G. S. Mishra. 




4. GENERAL. 


The Twenty-eighth Meeting of the Indian Science Congress 
Association was held at Benares from January 2nd to January 
8th, 1941. 

The inaugural meeting was held on Thursday, January 2nd, 
1941, at 10 A.M. in the Sayaji Bao Gaekwad Library Hall, Hindu 
University, Benares, in the presence of the Patron, His Excellency 
Sir Maurice Glamier Hallett, K.C.S.I., C.I.E., I.C.S., the Grovemor 
of the United l^vinces of Agra and Oudh. Professor Sir 
Sarvapalli Radhakrishnan, Kt., F.B.A., D.Litt., LL.D., Vice- 
Chancellor, Hindu University, Ifenares, Chairman of the Recep- 
tion Committee, welcomed the delegates in a speech and requested 
BEis Excellency the Governor of the United Provinces of Agra 
and Oudh to open the Session of the Congress. His Excellency 
opened the Congress with a speech and the President of the Con- 
gress, Sir Ardeshir Dalai, Kt., I.C.S. (Retd.), delivered his 
address. 


The Sectional Presidential Addresses were delivered as 
follows : — 

Friday, January 3rd : 9-30 a.m.. Agriculture; 10-30 a.m.. 
Mathematics and Statistics; 11 a.m.. Chemistry*; 
12 noon, Geology. 

Saturday, January 4th : 9-30 a.m.. Botany; 10-30 a.m.. 
Physics; 10-30 a.m., Physiology; 12 noon, .^thropology. 

Monday, January 6th : 10 a.m., Entomology f; 10-30 a.m.. 
Zoology; 11-30 a.m., Geography and Geodesy. 

Tuesday, January 7th : 9-30 a.m., Medical and Veterinary 
Research; 10-30 A.M., Engineering; 11-30 a.m.. Psychology 
and Educational Science. 


* The Preeddeutial Address was fixed for delivery on Monday, 
January 6th, but the date was changed as the President of the Section 
of Entomology oould not be present to deliver his address and the^ 
President of the Section of Chemistry agreed to deliver his address on 
this date. 

t As the elected President of the Section was, owing to unavoidable 
reasons, unable to attend the Session, Mr. D. D. Mukerji, who was 
chairman of the Meeting read out the Address. 
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jg Tw&iniy^tigMh ludiai^ Scici^ 

Sy^poBiA And Joint Meetings of Seotions were held 8S 
follows : — 


Friday, January 3rd : 

10-30 A.M. to 12-30 P.M. 


Discussions on 

(1) ‘Drought resistance in 
plants.’ 

(2) ‘The Psychological factors 
in adult education.’ 

(3) ‘Sugar Technology’ 

(4) ‘Correlational analysis of 
Anthropometric material.’ 


(6) ‘The Curricula for B.Sc. 
(Hons.) examination in the 
various Indian Universities ; 
their adequacy or other- 
wise for fitting graduates to 
undertake research work.’ 

(6) ‘Physiographic divisions of 
India.’ 


Held in 

The Section of Agriculture. 

The Section of Psychology. 

The Section of Chemistry, 
The Section of Anthropology, 
in co-operation with the 
Indian Statistical Confer- 
ence. 

The Section of Botany. 


The Section of Geography 
and Geodesy. 


1-30 P.M. to 3 P.M. 

(7) ‘Detribalization and The Section of Anthropology. 
Acculturation.’ 


2-30 P.M. to 4-30 P.M. 

(8) ‘Boundary value problem The Section of Mathematics 
in difierential equations.’ and Statistics. 


Saturday, January 4th : 
11 A.M. to 12-30 P.M. 


(9) ‘Bacial Nomenclature ’ . . 

(10) ‘Environment and the 
distribution of population in 
India.’ 

(11) ‘The place of Psychology 
in the field of Medicine.’ 


The Section of Anthropology. 
The Section of Geography and 
Geodesy. 

The Joint Meeting of the 
Sections of Psychology and 
Educational Science, and 
Medical and Veterinary 
Research. 


2B 
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Discussions on 

(12) 'Mathematical Theory of 
Statistics.* 


Held in 

The Section of JMathematics 
and Statistics, in co-opera- 
tion with the Indian Statis- 
tical Conference. 


(13) ‘Position of systematics The Joint Meeting of the 
in Applied Zoology and Sections of Entomology 
Entomology.’ and Zoology. 


2 P.M. to 3 P.M. 


(14) ‘Conflict and Social 
behaviour.* 


(16) ‘Growth studies with 
special reference to Nutri- 
tion and Public Health 
Surveys.* 

(16) ‘Standards of Agricul- 
tural Productivity.* 

(17) ‘Recent advances in the 
Chemistry of Coumarins and 
Chromones.* 

2 P.M. to 

(18) ‘Theory of Stellar Struc- 
ture.* 


The Joint Meeting of the 
Sections of Psychology and 
Educational Science, and 
Anthropology. 

The Section of Medical and 
Veterinary Research in 
co-operation with the 
Indian Statistical Confer- 
ence. 

The Section of Geography and 
Geodesy. 

The Section of Chemistry. 

:-36 P.M. 

The Joint Meeting of the 
Sections of Physics, and 
Mathematics and Statistics. 


Monday, January 6th : 
11 A.M. to 12-30 P.M. 


(19) ‘ Sulphanilamide group of 
drugs.* 


(20) ‘Need for the exploration 
of wild forms for the im- 
provement of crops.* 

(21) ‘Theory of the structure 
of solids.’ 

(22) ‘Utilization of India’s 
mineral resources.’ 


The Joint Meeting of the 

Sections of Physiology, 
Chemistry and Mescal and 
Veterinary Research. 

The Joint Meeting of the 

Sections of Agriculture and 
Botany. 

The Joint Meeting of the 

Sections , of Mathematics 
and Statistics, and Physics. 

The Joint Meeting of the 

Sections of Geology, and 
Geography and Qeo^sy. 
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Discussions on. Held in 

2 P.M. 

(23) ^Reasons for the lag in The Joint Meeting of the 

India of utilization of Section of Medical and 

medical knowledge by the Veterinary Research and 

individual and initial steps the Sub-Committee on 

towards solving the ^Science and Social Rela- 

problem/ tions’. 

(24) ^Symbolism and Rituals’ The Joint Meeting of the 

Sections of Psychology and 
Educational Science, and 
Anthropology. 

Tuesday, January 7th : 

10-30 A.M. to 12-30 P.M. 

(26) ‘Quality in crops’ .. The Joint Meeting of the 

Sections of Agriculture, 
Chemistry, and Medical and 
Veterinary Research. 

(26) ‘Work of the Botanical The Section of Botany. 
Survey of India : What the 

Botanical Section of the 
Science Congress could do to 
advance it,’ 

(27) ‘Diophantic problem’ .. The Section of Mathematics 

and Statistics. 

1-30 P.M. 

(28) ‘Nitrogen fixation in the The Joint Meeting of the 

soil.’ Sections of Botany, Agri- 

culture, and Chemistry. 

Wednesday, January 8th : 

11 A.M. to 12-30 P.M. 

(29) ‘Food Planning* .. The Joint Meeting of the 

Sections of Mescal and 
Veterinary Research, Phy- 
siology, Agriculture, 

Geology, Engineering, and 
Geography and Geodesy. 

1-30 P.M. to 3 P.M. 

(30) ‘Practical steps towards The Joint Meeting of the 

the improvement of Mu- Sections of Geology, An- 
sei^ in India.’ thropology, and Botany. 
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Popular Lectures were delivered as follows : — 

Friday, January 3rd, 1941: 6-30 p.m. 

‘Some new application of Colloidal Chemistry,’ by Sir S. S. 
Bhatnagar, Kt., D.Sc., F.Inst.P., F.LC., 

Director, Scientific and Industrial Research, Govern- 
ment Test House, Alipore, Calcutta. 

Saturday, January 4th, 1941: 6-30 p.m. 

‘The Earth as a Giant Magnet,’ by Prof. K. S. Krishnan, 
D.Sc., P.N.I., P.R.S., MahenSralal Sircar Professor of 
Physics, Indian Association for the Cultivation of 
Science, 210, Bowbazar Street, Calcutta. 

Monday, January 6th, 1941: 6-30 p.m. 

‘The Soil and its Conservation,* by Prof. J. N. Mukherjee, 
D.Sc., P.C.S., F.R.A.S.B., E.N.L, Ghose Professor 
of Chemistry, University College of Science and 
Technology, 92, Upper Circular il^ad, Calcutta. 

Tuesday, January 7th, 1941: 6-30 p.m. 

‘Some Aspects of the development of India’s Mineral 
Resources,’ by Dr. Cyril S. Fox, D.Sc., M.I.Min.E., 
F.G.S., Director, Geological Survey of India, 27, 
Chowringhee, Calcutta. 

The following Fimctions and Entertainments were held in 
honour of the Members of the Indian Science Congress : — 

Thursday, January 2nd : 4-30 p.m.. At Home by the 
Hon’ble Maharajadhiraj Dr. Sir Kameshwar Singh 
Bahadur, K.C.l«E., D.Litt., LL.D., of Darbhanga and 
Pro-Chancellor of the Hindu University, Benares, at the 
Sayaji Rao Gaekwad Library lawn. 

Friday, January 3rd: 4-16 p.m., ‘At Home’ by the 
Engineering Students at the Engineering College. 

Saturday, January 4th : 4-30 p.m., Civic Reception and 
Address to Sir Ardeshir Dalai, President, and Indian 
Science Congress delegates at the Town Hall; 8-46 P.M., 
Variety Entertainment at the Congress Pandal. 

Sunday, January 5th : 8-46 p.m.. Variety Entertainment at 
the Congress Pandal. 

Monday, January 6th : 4-30 p.m,. Garden Party by the 
Gentry of Benares in the Sayaji Rao Gaekwad Library 
lawn. 

Tuesday, January 7th : 4-30 p.m.. Garden Party by Rai 
Govind Chand, M.A., M.L.A., in the Sayaji Rao Gaekwad 
Library lawn. 





The following ViaitB and ExcuTBions were arranged for 
Members of the Indian Science Congress Association 

Friday, January 3rd : 1 p.m. to 4-30 p.m., The various 
Science and Technological Departments of the Benares 
* Hindu University were open for visit by the members. 

Saturday, January 4th : 2 p.m., River Trip on the Ganges; 
visit to Kalabhavant Nagari Pracharini Sabha. 

Sunday, January 5th : Whole day excursions: 

To (1) Opium Factory, Ghazipur. 

(2) Sarnath. 

(3) Sugar, Paper and Cement Factories, Dalmianagar, 

Dehri-on-Sone. 

The following Meetings were held during the Session of the 
Indian Science Congress : — 

The Sectional Committees met at (1) 6 p.m. on Thursday, 
January 2nd; (2) 9 a.m. on Friday, January 3rd; (3) 9 a.m. 
on Saturday, January 4th; (4) 9 a.m. on Monday, January 
6th; (6) 9 A.M. on Tuesday, January 7th; (6) 9 a.m. on 
Wednesday, January 8th, 1941. 

The Council met at 3-40 p.m. on Thursday, January 2nd, 
1941. 

The Executive Committee met at (1) 2-30 p.m. on Friday, 
January 3rd ; (2) 3-30 p.m. on Tuesday, January 7th, 1941. 

The General Committee met at (1) 9 p.m. on Friday, January 
3rd; (2) 3-30 p.m. on Monday, January 6th, 1941. 

The Sub-Committee on ‘Science and its Social Relations’ met 
at 1-30 P.M. on Monday, January 6th. 

The following Scientific Societies held their Meetings during 
the Twenty-eighth Session of the Congress : — 

1 . The Annual Meeting of the National Institute of Sciences 
of India was held at 12 noon on Thursday, January 2nd, 1941. 

2. The Opening Session of the Indian Statistical Conference 
was held at 2-30 p.m, on Thursday, January 2nd, 1941. 

3. The Annual Meeting of the Society of Biological 
Chemists, India, was held at 1-30 p.m. on Friday, January 3rd, 
1941. 

4. The Annual Meeting of the Indian Physical Society was 
hel^ at 1-30 p.m. on Friday, January 3rd, 1941. 

5. The Annual Meeting of the Indian Psychological 
Association was held at 1-30 p.m. on Friday, January 3rd, 1941. 
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6. The Annual Meeting of the Physiological Society of 
India was held at 1-30 p.m. on Friday, January 3rd, 1941. 

7. The Annual Meeting of the Entomological Society of 
India was held at 1-30 p.m. on Friday, January 3rd, 1941. 

8. The Annual Meeting of the Indian Botanical Society 
was held at 1-30 p.m. on Friday, January 3rd, 1941. 

9. The Annual Meeting of the Benares Mathematical 
Society was held at 3 p.m. on Friday, January 3rd, 1941. 

10. The Annual General Meeting of the Indian Pharma- 
ceutical Association was held at 3-30 p.m. on Friday, January 
3rd, 1941. 

11. The Annual Meeting of the Indian Society of Soil 
Science was held at 3-30 p.m. on Saturday, January 4th, 1941. 

12. The Annual Meeting of the Institute of Chemistry of 
Great Britain and Ireland was held at 3-30 p.m. on Saturday, 
January 4th, 1941. 

13. The Annual Meeting of the Indian Chemical Society 
was held at 2-30 p.m. on Monday, January 6th, 1941. 

14. A Meeting of the In^an Ecological Society was held 
at 1-30 p.m. on Tuesday, January 7th, 1941. 

16. A Meeting of the Indian Society of Plant Breeding and 
Genetics was held at 8 p.m. on Tuesday, January 7th, 1941. 

1 6 . An Ordinary Monthly Meeting of the National Academy 
of Sciences, India, was held at 8 a.m. on Friday, January 3rd, 
1941. 




5. OPENING PROCEEDINGS. 


The Twenty-eighth Meeting of the Indian Science Congress 
was opened on Thursday, January 2nd, 1941, at 10 a.m:., by His 
Excellency Sir Maurice Gamier Hallett, K.C.S.I., CJ.E., I.C.S., 
Governor of the United Provinces of Agra and Oudh, in the 
Sayaji Rao Gaekwad library, Hindu University, Benares, in 
the presence of Professor Sir Sarvapalli Eadhakrishnan, the 
Vice-Chancellor of the Benares Hindu University and Vice- 
Patron of the Session of the Congress, and a large gathering of 
delegates, members and visitors. Seats were specially reserved 
for the Presidents, Past Presidents, Sectional Presidents, the 
Local Secretaries, the General Secretaries, the Treasurer, the 
Chairman of the Local Reception Committee, and special dele- 
gates from foreign Scientific Bodies and Universities, Learned 
Societies, Colleges, States and Government Departments in 
India. Professor Sir Sarvapalli Radhakrishnan, Vice-Chancellor 
and Chairman of the Local Reception Committee, announced 
message of congratulation and good wishes from Pandit Madan 
Mohan Malaviya, the Vice-P4tron of the Session of the Congress, 
who could not join the function, and welcomed the delegates 
and visitors in a speech as follows : — 

Yoxjb Excellency, Sib Abdeshib Dalal, Delegates of the 

SciBNOB CONGBBSS, LaDIBS AND GENTLEMEN, 

It is with great pleasure that I welcome you to the 
University of Benares and request you to accept the cordial 
good wishes of the members of the University and of the Recep- 
tion Committee for the success of your meetings in the next 
few days. We are aware of the many shortcomings in the 
arrangements and the difficulties to which you are put and I 
apologize to you in advance and beg you to forgive us. 

il^nares has been accustomed for centuries to receive 
pilgrims not only from the different parts of India but from 
beyond the seas, from Burma and Ceylon, from Tibet and 
Thailand, from China and Japan. There are few cities in the 
world which can compete with her for her antiquity or for her 
hold on the imagination and affections of large numbers of men. 
When we stand here, we are conscious of a civilization and a 
culture, a philosophy and a religious life of unbroken continuity 
for nearly fifty centuries. I welcome you to fhis ancient city 
and beg you to have a glimpse of that other life for which she 
has stood, if you find any interval between your excursions and 
engagements. 

While this University was founded with the object of 
preserving the traditions of Benares as a centre of religious 

( 25 ) 
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culture and learning, its chief architect perceived the great need 
of correlating the religious traditions of the past with the urgent 
problems of the present, due to the development of science and 
criticism. We have departments here for the pursuit of scientific 
research and its application to agriculture and industry and our 
scientific technological and engineering departments occupy 
an important place in our life and organization. 

A university, if it is true to its name, should pay equal 
attention to the different manifestations of the human spirit, 
literature and philosophy, art and religion as well as science 
and technology. The purpose of scientific studies is to discover 
the truth about things and the patient workers in laboratories 
are as much imaginative creators as poets and philosophers. 
Those who help us to cut across mountains, to collect waters 
over thousands of miles to irrigate barren tracts and make 
them blossom, to subdue the elements of nature to the uses of 
man are benefactors of the human race. In a coimtry like 
ours, where there is a vast amount of dirt and disease, poverty 
and uncleanness, the case for the spread of the scientific spirit 
and habits cannot be overestimated. The gifts of science help 
to make life fuller, wider, healthier and richer in comforts and 
interests and in such happiness as material things can promote. 

Unfortunately there has been for some time a suspicion of 
science. As long ago as 1749 the Academy of Dijon announced 
a prize for the best discussion of the question : ‘ Has the progress 
of science and art contributed to the corruption or to the im- 
provement of morals ? * Rousseau competed for it and gave an 
answer adverse to science. From what I have said already, it 
will be evident that we, in this university, do not share his view. 
We believe in scientific progress and industrial development. 
We are sorry that our resources, natural and human, are not 
adequately developed. We deplore the policy of the Govern- 
ment which has not helped the country to build motor engines, 
ships of all kinds and aircrafts. With proper organization and 
State support India can become the chief industrial centre of 
the East and how much we can do in this direction is manifest 
from the work of the Tatas, and it is most appropriate that we 
should have as our President in this important session the head 
of that great industrial enterprise. Sir Ardeshir Dalai. I am sure 
that this session will be a momentous one under his wise and 
versatile leadership. 

There are, I dare say, many who believe with Rousseau that 
science has corrupted our morals. A Bishop of England asked 
us to close down our laboratories for a decade or two. Addressing 
the Cambridge University Lord Baldwin asked them to produce 
more poets than scientists. Sir Richard Livingstone, said with 
irony, * The Greeks could not broadcast Aeschylean Trilogy but 
tney could write it*. If science is being perverted from its 
natural purpose, if it is used not for the happiness of mankind 
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as a whole, but for private profit and public destruction, it is 
not the fault of science or the scientists. If there is chaos in 
the economic world, if cows are slaughtered for manure, if wool 
is used for roadmaking, if coffee is burnt and wheat thrown 
into the sea, while there are men and women undernourished 
and badly nourished it is not the fault of science. If the political 
world is anarchical, if scientific weapons are used for destruction 
and human slaughter elevated into a cardinal centre, it is not 
the fault of science. One of the greatest scientists of all ages 
said : ‘ The present troubles of the world are due to science 

having advanced faster than morality; when morality catches up 
with science these troubles will end’ {Einstein). Our progress 
is not integral if moral advance does not accompany scientific 
achievement. The problem of our age is the reconciliation of 
science and wisdom in a vital harmony. Where else can it be 
achieved if not in the great universities ? 

At any rate in this University, it is our aim to insist on the 
high mission of science and relate it organically to the central 
purpose of human life and society, to reconcile religious wisdom 
with scientific achievement. 

In this endeavour there can be no differences of party or 
creed. The people and the Government have the same objective. 
It is a pleasure to know that two of the prominent members 
of your Congress have been honoured by His Majesty’s Govern- 
ment. I refer to Sir R. N. Chopra and Sir S. S. Bhatnagar. 
May I, on behalf of this assembly, offer to them our warmest 
congratulations . 

Once again I welcome you to this University, beg you to 
accept our hospitality, forgive us our shortcomings and accept 
our best wishes for your comfortable stay and successful meetings. 

It is now my pleasure to request His Excellency, who has 
heartened us by his presence, to open the Congress. 

His Excellency the Governor of the United Provinces of 
Agra and Oudh then addressed the meeting as follows : — 

Mb. President, Mr. Vice-Chancellor, Gentlemen, 

It is a pleasure and privilege for me as Governor of the 
United Provinces to welcome so many distinguished men of 
learning to this Province. Calcutta, Madras and Lahore have 
been fortunate in recent years to have been chosen as the site 
for your annual conference, and now that the turn of the United 
Provinces has come again, we welcome you cordially and hope 
that you will enjoy your stay here in this ancient city of Benares. 
This is not the first time the Congress has met in Benares as 
it was here in 1925 and has been to Lucknow in 1916 and 1923 
and to Allahabad in 1930 — so it is no stranger to this Province. 
Here you who stand for progress and look forward to future 
development of human faiowledge, will find the glories and 
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traditions of the past. The scientific thinker strives to find new 
truth, but here for centuries men have sought knowledge, for 
centuries Benares has been the home of learning. Meeting here 
in Benares you have yourselves recognized the contributions 
which ancient India in her ancient language made to scientific 
studies and I understand that a volume recording the contri- 
butions to science by those scholars of old is under compilation 
which deals with the contributions by scholars of these early 
academies to mathematics, to astronomy and to chemistry. The 
Benares Hindu University has set up a school of medicine in 
accordance with Ayurvedic principles founded on the old Sanskrit 
treatises and modem application thereof. But with all that 
it cannot be denied that your choice of Benares as a meeting 
place does bring before us very vividly two attitudes to life, 
the attitude of pure contemplation and the attitude of active 
investigation. 

You have been good enough to make me Patron of your 
Conference and I greatly appreciate the honour which you have 
bestowed on me. It is an honour which I do not merit, for I 
never had a scientific education and I am afraid I should imder- 
stand but little of your deliberations. But that does not mean 
that I am cynical about the value of scientific research. The 
search for scientific knowledge is no new thing, but what is com- 
paratively new is the general realization of its value when 
applied to the ordinary problems which meet us day to day. 
We see with amazement the products of the inventive genius 
of this age, motor oars, aeroplanes, the wireless, but until recently 
we were apt to regard the laboratory or the test-tube as the 
paraphernalia only of academic investigation. But in the last 
two decades we have seen how knowledge acquired laboriously 
in the study of the laboratory can be applied to the everyday 
problems of life ; scientific knowledge and the search for it has 
been recognized by the ordinary man in the street as playing 
a part in the development of the State no less vital than the 
improvement of its communications, the construction of better 
buildings and the more obvious activities of social improvement. 
For example, looking through your daily programme, I find 
that you propose to discuss drought resistance in plants, the 
psychological factors in education, sugar technology, crop im- 
provement and the control of disease. These are not academic 
matters. They are matters vitally affecting the villager, upon 
the solution of which depends in a great measure his happiness 
and comparative prosperity. If the designation of some of the 
subjects on the agenda is beyond the comprehension of the 
layman, he knows that sooner or later this research will lead 
to practical and obvious results which will benefit humanity. 

In a country of the size of India it is always of value for 
men whose purpose and interests in life are the same to meet. 
It is the experience of all of us that correspondence is a poor 
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substitute for the spoken word. But this is doubly true of 
soienoe. Distances make it difficult for busy men to meet 
and the value of periodical conferences such as this which 
enable the expert in his own line to discuss his own ideas and 
problems with his equals, to pick up the threads upon which 
others are working, cannot be over-rated. It has been said 
that the scientist offers new lamps for old, but at a time when 
the lights have gone out all over Europe such an offer may meet 
with a negative. The midst of a war like the present where the 
utilitarian and destructive results of science are so apparent is 
perhaps not a time to dwell on the beneficent results of the 
scientists’ activities — or so it is sometimes argued. ‘Would that 
swift ships had never been’ said the poet and this has been 
echoed by many an observer of the results of fiight which at 
present is concentrated on the ruthless bombing, the slaughter 
of women and children or the destruction of the marvels of 
architecture and treasure houses of the past, when the scientist 
seems but the agent who puts devilish weapons in the hands 
of maniacs seeking to destroy civilization. We are faced with 
the growth of scientific discovery which seems to have out- 
distanced the wit of man to employ it usefully and beneficently. 
We grope in the wake of huge forces whose uses we scarcely 
understand and to control which we are mere fumbling tyros 
— ^mere apprentices in a colossal workshop where machines are 
the masters and we the slaves. It is to find out some path from 
amidst this jungle of giant growths, conjured up by our half 
conscious brains that such meetings as this are useful. The 
scientist stands aghast at his own discoveries, or worse, does T.ot 
perceive what their real significance is. That the by-products 
of his experiments may produce destruction on a scale unknown 
before, is not, he says, his concern — ^it is a result of the evil 
spirit inherent in man^d. Why is this evil spirit rampant in 
the world ? Why are the beneficent discoveries of science being 
prostituted to works of death and destruction ? One reason 
is that we live in a world in which we are at present reaping the 
harvest of nationalism run wild. The narrow outlook which does 
not see beyond political boimdaries, which is constrained by 
parochial and immediate self-interest, has brought oiu* civiliza- 
tion to the edge of destruction. But science has always been 
international, and it is inteiesting to recall that it was the great 
German poet Goethe who said that ‘science and art belong to 
the whole world and the barriers of nationality vanish before 
them’. If the German nation had not become blind to this 
truth, the world might have been spared the trajgedy of the 
present time. Except when science has been applied to the 
production of engines of war, the discoveries of men of science 
to whatever nation they may belong have always been available 
for the enlightenment of other countries. In the common search 
for knowledge international meetings of scientists, meetings such 
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as this is on a smaller scale, have always been conducted on the 
basis that the search for knowledge is a service of mankind and 
not the narrow furthering of the interests of any particular 
race or sect. We cannot but regret that at the present time 
scientific men throughout the world are devoting themselves 
to war work, to producing engines of destruction or to devising 
methods of warding off destruction. We can only hope that 
many of these discoveries will prove of use when peace is once 
more restored and that we shall be able to beat our swords into 
ploughshares and our spears into pruning hooks. We may hope 
that the war may have at least one good result for this great 
country, that it will lead to industrial development and the 
starting of new industries. For that development to be success- 
ful, we shall need scientific knowledge and for that reason this 
Conference is of great importance at the present time. 

Here in India as in the world outside we have our differences, 
and difficulties, racial, religious and ideological, and we are often 
prone to give them an importance which they do not deserve. 
But you in your meeting here have no such difficulty. Your 
particular subjects and individual interests may be diverge, but 
they are not divergent. Diverseness gives a broad base to the 
pyramid but the apex of the pyramid to which all your efforts 
converge is the greater happiness of mankind. We are doing 
what we can in this Province to develop scientific education. 
Science has played a leading part in our universities of Allahabad 
and Lucknow especially where distinguished scientists like 
Dr. Saha and Dr. ^hni, both Fellows of the Royal Society, have 
established traditions which will remain. Our Engineering 
College at Roorkee still in spite of recent difficulties sets the 
standard for civil engineering and the Institute of Research at 
Cawnpore known as the Harcourt Butler Institute of Technology 
has with success attempted to introduce the methods of science 
into the commercial sphere. The Universities at Benares and 
Aligarh are both alert and while Benares has developed a school 
of mechanical and mining engineering and a centre for China 
technology, Aligarh is starting a department of electrical engineer- 
ing. At Agra the Agra College is engaged in interesting and 
valuable botanical work. There are three agricultural colleges 
in the Province, and the Forest Research Institute at Dehra 
Dun has developed very greatly the use of forest produce on 
scientific lines. Finally, there is an active and energetic body 
in the United Provinces Academy of Science now known as the 
National Academy of Sciences of India. The need for sound 
scientific education has been well understood. Dr. Jenkins in 
the Jubilee meeting of this Congress stressed the need for a good 
foundation of scientific training to be laid in the schools. In 
this Province every boy in a secondary school has to take a 
compulsory course in elementary science which gives a general 
instructioA in those scientific principles of not only chemistry and 
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physics, but also biology and physiology, which, it has been 
recognized, should form a part of every system of education. 
More than this. In our newly introduced system of basic 
education a compulsory subject is general or everyday science 
which is taught from the infants class of the vernacular primary 
school, and is taught through observation and practical work. 
Basic education aims at inculcating an attitude to life, and the 
understanding of those basic scientific principles which are part 
of life cannot be taught too early and they form a system of 
instruction by which the child learns to observe and deduce for 
himself — ^this is the scientific spirit in petto. Such being the 
foundations on which our education rests it is anticipated that 
in the new world which lies before us when this war is over and 
victory crowns our efforts, the future rulers and legislators, 
taxpayers and voters of India will at once be able to appreciate 
the problems which must face them with a single mind cleared 
of the lumber of old undigested slogans and superstitions and 
be prepared to harness science to the chariot of that progress to 
independence and prosperity which awaits her. 

Gentlemen, I welcome you once again to this Province, 
I wish your Conference every success and I have much pleasure 
in declaring this Conference open. 

At the end of His Excellency the Governor’s speech, the 
President Sir Ardeshir Dalai delivered his Address.* 

The official delegates of the following Learned Societies 
then extended on behalf of the respective society to the Indian 
Science Congress Association their greetings and best wishes tor 
the success of the Session of the Congress : — 

National Academy of Sciences, India. 

Pacific Science Association. 

American Association for the Advancement of Science. 

National Institute of Sciences of India. 

The meeting terminated with votes of thanks to His 
Excellency the Governor of the United Provinces of Agra and 
Oudh proxKDsed by Prof. B. N. Singh, Local Secretary, and to the 
Local Reception Committee proposed by Principal P. Parija, 
I.E.S., M.A., F.N.I., General Secretary. 


♦ Published in Part II of the Proceedings. 
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A. DBLSOAT£S FROM OUTSIDE INDIA. 

American Association for the Pacific Science Association* 
Advancement of Science. 

1. Prof. S. P. Agharkar. 1. Dr. Paul F. Russell. 

2. Prof. B. N. Singh. 


B. DELEGATES FROM UNIVERSITIES, LEARNED SOCIETIES, COLLEGES, 
STATES AND GOVERNMENT DEPARTMENTS IN INDIA. 


Agra University. 

1. Mr. Eknath Banerji. 

2. Mr. D. P. Bhattacharya. 

3. Mr. P. T. Chandi. 

4. Dr. K. C. Pandya. 

5. Dr. Ramamurti. 

University of Allahabad. 

1. Prof. A. C. Banerji. 

2. Dr. D. R. Bhattacharya. 

3. Dr. Ram Saran Das, 

4. Dr. S. B. Dutt. 

5. Mr. A. K. Mitira. 

6. Dr, B. N. Prasad. 

7. Dr. Shri Ranjan. 

8. Dr. B. JK. Singh. 

9. Dr, B. N. Srivastava. 

10. Dr. Murli Dhar Lai Srivas- 

tava. 

11. Dr. A. N. Tandon. 

AUgarh Muslim University. 

1. Dr. Kazi Saeeduddin Ahmad. 

2. Dr. Hohd. Afzal Hosain 

Kadri. 

3. Hr. S. H. Kerawala. 

4. Dr. R. H. Siddiqi. 

Andhra University. 

1. Prof. S. Bhagavantam. 

2. Dr. K. V. Giri. 

3. Dr, N. S. Nagendranath. 

4. Dr. G. Gopala Rao. 

5. Dr. I. Ramakrishna Rao. 

6. Dr. K. Rangadhama Rao. 

7. Prof. T. R. Seshadri. 

Annamalai University. 

1. Sri P. Srinivasulu Nayudu, 

2. Dr. T. S. Raghavan. 

3. Sri R. V. Seshaiya. 

( 


University of Bombay. 

1. Lt.-Col. S. L. Bhatia. 

2. Dr. B. B. Dixit. 

3. Dr. G. P. Kane. 

4. Mr. N. V. Hodak. 

6. Principal G. R. Paranjpe. 

6. Dr. Mata Prasad. 

7. Principal N. M. Shah. 

8. Dr. K. Venkataraman. 


University of Dacca. 

1. Dr. K. Banerjee. 

2. Dr. Tarapada Banerjee. 

3. Dr. K. P. Basu. 

4. Prof. N. M. Basu. 

6, Prof. S. N. Bose. 

6. Dr. N. K. Chatterjee. 

7. Dr, J. K. Chowdhury. 

8. Dr. P. Maheshwari. 

9. Mr. K. C. Mukherjee. 

10. Dr. Madhab Chandra Nath. 

11. Dr. A. T. Sen. 


University of Delhi. 

1. Dr. Ram Behari. 

2. Dr. D. S. Kothari. 

3. Dr. Indra Sen. 


University of Lucknow, 

1. Dr. K. N. Bahl. 

2. Dr. W. Burridge. 

3. Mr. Bijan Behari Lai. 

4. Dr. S. N. Mathur. 

6; Dr. R. D. Misra. 

6. Mr. B. B. Mukherjee. 

7. Mr. M. Raman Nayar. 

8. Dr. Birbal Sahni. 

0. Mr. P. D. Shukla. 

10. Dr. A. N. Singh. 

11. Dr. Syed Husain Zaheer. 
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University of Madras. 

1. Sri R. Gopala Aiyar. 

2. Mr. George Kuriyewi. 

3. Sri N. Sundararama Sastry. 

Nagpur University. 

1. Dr. S. C. Dhar. 

2. Dr. M. A. Moghe. 

Osmania University. 

1. Dr. B. K. Das. 

2. Dr. Brij Mohan Lai. 

3. Dr. Haji Ghulam Mohamad. 

4. Dr. MuzafTaruddin Qureshi. 

5. Dr. M. Raziuddin Siddiqi. 

University of the Panjah, 

1. Mr. B. M. Anand. 

2. Mr. F. L. Anand. 

3. Mr. Gviran Lai Arora. 

4. Dr. H. Chandhnri. 

6. Dr. P. L. Kapnr. 

6. Mr. Dev Raj Puri. 

7. Dr. N. A. Yajnik. 

8. Dr. Zia-ud-Din. 

Poitna University. 

1. Dr. Phani Bhusan Ganguly. 

2. Mr. Gopal Krishna Ghosh. 

3. Rai Sahib J. N. Ghosh. 

4. Dr. Basudeo Karayan. 

5. Mr. P. Farija. 

6. Mr. A. C. Roy. 

7. Mr. M. N. Rudra. 

8. Mr. Dhirendra Nath Sen. 

University of Rangoon. 

1. Mr. C. G. Beasley. 


Ceylon Geographical Society, 

1. Mr. K. Kidaratnam. 

National Academy of Sciences, 
India. 

1. Prof. A. C. Banerji. 

2. Rai Sahib Prof. D. R. Bhatta- 

charya. 

3. Prof. H. R. Mehra. 

4. Dr. Shri Ranjem. 

5. Dr. Erwin Sohrodmger. 

6. Prof. Bawa Kartar Singh. 

7. Rai Sahib Dr. P. L. Srivas- 

tava. 

8. The Hon»ble Sir Shah Mu- 

hammad Sulaiman. 

National Institute of Sciences 
of India. 

1. Bt.-Col. Sir R. N. Chopra. 

2. Prof. M. N. Saha. 

Bihar Government. 

1. Mr. K. Mitra. 

Government of Bombay. 

1. Dr. F. R. Bharucha. 

Government of United Provinces 
of Agra and Oudh. 

(a) Department of Agrioulture. 

1. Dr. T. S. Sabnis. 

(b) Department of Veterinary 

Investigation. 

1. Mr. P. G. Pande. 
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G. FINANCIAL ARRANGEMENTS FOR THE TWENTY-EIGHTH SESSION. 

The Local Reception Oohmittee. 

The Local Reception Committee made all local arrangements necessary 
for the transaction of the scientific work of the meeting and all local 
arrangements regarding social function and accommodation of the members 
of the Congress and the delegates. 

Financial arrangements for the Session were made by the Local 
Committee. 
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O. MBBTINOS OF THE GENERAL GOMMITTEE, THE GOUNGIL AND THE 
EXECUTIVE COMMITTEE OP THE INDIAN SGIENGB 
CONGRESS ASSOCIATION. 


1. Special Heetino op the General Committee. 

A special meeting of the General Committee of the Indian Science 
Congress Association was held at 9 p.m. on Friday, January 3rd, 1941, 
in the Institute of Agricultural Research, Benares, to consider the question 
of Regrouping of Subjects into Sections. 

The President, Sir Ardeshir Dalai, being unable to be present at the 
meeting, Professor S. P. Agharkar was unanimously elected to the chair. 

In compliance with the resolution adopted by the General Committee 
at their special meeting held on Januaty 3rd, 1940, at Madras the Executive 
Comnuttee recommended for adoption by the General Committee the 
following Regrouping of Subjects into Sections: 

1. Mathematics and Statistics. 

2. Physics. 

3. Chemistry. 

4. Geology and Geography. 

5. Botany. 

6. Zoology and Entomology. 

7. Anthropology and Archaeology. 

8. Medical Sciences. 

9. Agricultural Sciences. 

10. Psychology and Educational Science. 

11. Engineering. 

The CYiairman, while placing the recommendation of the Executive 
Committee before the house, pointed out that the decision of the General 
Committee regarding the regrouping of subjects into Sections would come 
into effect from the 1943 Session of the Congress. 

Professor S. K. Mitra, in placing the recommendations of the Execu- 
tive Committee before the house, stated that the following modifications 
were made by the Council at their meeting held on January 2nd, 1941 : 

‘ That the Section of Agricultural Sciences be named as Agricultural 
and Veterinary Sciences.’ 

The Executive Committee at their meeting held on January 3rd, 
1941, accepted these and proposed a further modification ; 

* That the Section of Engineering be named as Engineering and 
Metallurgy.’ 

The following recommendations of the Executive Committee as 
subsequently modified by the Council and the Executive Committee were 
then considered by the meeting; 

1. Mathematics and Statistics. 

2. Physics. 

3. Chemistry. 

4. Geology and Geography. 

5. Botany. 

6. Zoology and Entomology. 

7. Antlpopology and Archaeology. 

8. Medical Sciences. 

9. Agricultural and Veterinary Sciences. 

191 Psychology and Educational Science. 

11. Engineering and Metallurgy. 



Parti: Ojficial. 


37 


Before permitting discussion on the subject, the Chairman pointed 
out that as the subject had been before the General Committee for a very 
long time and also discussed by it, it was not necessary to go into obser- 
vations of a general nature. He suggested that the recommendations 
of the Executive Committee be adopted in toto. He was, however, pre- 
pared to allow specific amendments to the proposals being moved, and 
voted upon after discussion. The following amendments were then 
moved: 

(i) Professor N. M. Basu proposed that the Section of * Physiology* 
be retained as an independent lotion instead of being merged in the 
* Medical Sciences * Section as proposed. 

Professor P, S. Varma seconded the above proposal. 

After discussion the proposal was put to the vote and carried by a 
majority. 

(ii) Dr. S. N. Ray proposed that the ‘ Veterinary Sciences’ be retained 
as a part of the * Medical Sciences ' Section as had so long been the case. 

Capt. S. Datta seconded the above proposal. 

The proposal was discussed and on being put to the vote was carried 
by a majority. 

(iii) Dr. S, P. Chatterjee proposed that the Section of ‘ Geography 
and Geodesy ’ be retained as a separate Section instead of being made a 
part of the Section of ' Geology and Geography ’ as proposed. 

Dr. M. R. Sahni seconded the above proposal. 

The proposal was discussed and on being put to the vote was lost by 
a majority. 

(iv) Mr. D. Mukerji proposed that the Section of ‘Entomology* be 
retained as a separate ^tion instead of being made a part of the ^tion 
of * Zoology and Entomology * as proposed. 

Mr. J. L. Bhaduri seconded the above proposal. 

After discussion the proposal was put to the vote. The result being 
a tie, the Chairman gave his own vote agsinst the proposal and declared 
the proposal lost by a majority. 

The Chairmeui then put the proposal of the Executive Committee, 
as amended by the house, to the vote. On the proposal being jdopted 
unanimously, the Ohairman announced that the modihcations adopted 
would come into force from the 1943 Session of the Congress. 

1 . Mathematics and Statistics. 

2. Physics. 

3. Chemistry. 

4. Gteology and Geography. 

5. Botany. 

6. Zoology and Entomology. 

7. Anthropology and Archaeology. 

8. Medical and Veterinary Sciences. 

9. Agricultural Sciences. 

10. Physiology. 

11. Psychology and Educational Science. 

12. Engineering and Metallurgy. 


2. Meeting of the General CoimiTTBB. 

A meeting of the General Committee of the Indian Science Congress 
Association was held at 3-30 p.m, on Monday, January 6th, 1941, in the 
Institute of A^icultural Research, Benares, with Sir Ardeshir Dalai, 
the President, in the chair. The following items of business were trans- 
acted : 

1. The minutes of the proceedings of the last meeting of (a) the 
General Committee held on January 6th, 1940, in the Medical College, 
Madras; the special meeting of the General Committee held at 3-45 p.m. 



Tweedy-eighth Indian Science Congress. 


on January 3rd, 1940, in the Medical College, Madras, to consider the 
i^uestion of Regrouping of Subjects into S^tions; and (c) the special 
meeting of the General Committee held at 9-15 p.m. on January 3rd, 
1940, in the Medical College, Madras, to consider the question of lienee 
and its Social Relations, were read and confirmed. 

2. The President announced the names of the seven Ordinary 
Members elected to the Executive Committee under Rule 14, and of the 
seven Ordinary Members elected to the Council under Rule 18, for the 
year 1941-42: 


Executive Committee. 


Council. 


1 . 

2 . 

3. 

4. 

5. 

6 . 
7. 


Prof. S. P. Agharkar, Calcutta. 1. 
Prof. B. C. Guha, Calcutta. 2. 
Prof. P. C. Mitter, Calcutta. 3. 
Prof. G. R. Piwanjpe, Bombay. 4. 
Dr. J. N. Ray, New Delhi. 6. 
Prof. M. R. Siddiqi, Hyderabad. 6. 
Rao Bahadur T. S. Venkat- 7. 
raman, Coimbatore. 


Prof. Y. Bharadwaja, Benares. 
Prof. F. R. Bharucha, Bombay. 
Prof. H. K. Mookorjee, Calcutta, 
Prof. B. Narayana, Patna. 

Prof. B. Sanjiva Rao, Bangalore. 
Mr. A. C. Ukil, Calcutta. 

Prof. K. Venkataraman, 

Bombay. 


3. {a) The President annoimced at the meeting that the Executive 
Committee had nominat^ Mr. D. N. Wadia, M.A., B.Sc., F.G.S., F.R.G.S., 
F.R.A.S.B., F.N.I., Mineralogist, Ceylon Government, Colombo, as 
Congress President for the year 1942 and that the nomination was being 
placed before the General Committee for confirmation. 

(h) Professor B, Sahni enquired the reasons for revising the prior 
decision of the Executive Committee as to the nomination of Pandit 
Jawaharlal Nehru for the office of the Congress President for the 1942 
Session. 

(c) The President pointed out that the proceedings of the Executive 
Committee being confidential it would not be desirable to discuss them 
at a General Meeting. He, however, made it clear to the house that 
Pandit Jawaharlal Nehru being not available due to reasons known to 
all. the Executive Committee had to revise their decision in favour of 
Mr. D. N. Wadia. He informed the house that the Executive Committee 
had decided to nominate Pandit Nehru for 1943 in case he was then 
available. 

(d) Professor B, Sahni still insisted that there should be a discussion 
on the matter. 

(e) After some discussion Professor J. N. Mukherjee suggested 
that it be first decided whether the General Committee considered it 
desirable to discuss the matter or not. 

(/) The President then addressed the house and pointed out that 
before proceeding into the matter it should first be decided whether 
there should at all be any discussion on the motion before the house. 

(g) The house agreed to the suggestion to take votes to ascertain 
first whether it would prefer further discussion or not. 

(h) Votes were then taken by show of hands and the house by a 
tt^ority expressed its opinion against any discussion on the motion. 
I^fessor Sahni expressed his desire that votes should again be taken by 
^Ilot. ^is WM allowed by the President and the house again expressed 
by a ^jority its opinion against discussing the matter any further. 

(i) The nomination of Mr. D. N. Wadia as General President for the 
year 1942 was then confirmed. 

4. (a) The President annoimced that the Twenty -ninth Meeting of 
the Indian Science Congress would be held at Dacca under the auspices 
of the Centenary Celebrations of the Old Dacca College. 

(6) The President announced the names of the Sectional Presidents 
and Recorders of the Twenty -ninth Meeting as follows: 
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Section. 

1. Mathematica 
and Statistics. 


2. Physics 


3. Chemistry . . 


4. Geology 


6. Geography 
and Geodesy. 


6. Botany 


7. Zoology 


8. Entomology 


9. Anthropology 


10. Medical and 
Veterinary Re- 
search. 


11. AgrwuUure. . 


12, Physiology 


13. Psychology 
and Educational 
Science. 


President. 

Prof. P. C. Hahalanobis, 
Professor of Physics, 
Presidency College, 
Calcutta. 

Prof. B. B. Ray, Khaira 
Professor of Physios, 
Calcutta University, 
Calcutta. 

Dr. M. Qureshi, Head of 
the Chemistry De- 
partment, Osman ia 
University, Hydera- 
bad, Deccan. 

Dr. Raj Nath, Head of 
the Geology Depart- 
ment, Hindu Univer- 
sity, Benares. 

Mr. George Kuriyan, 
Heekd of the Geography 
Department, Ma^as 
University, Madras. 

Dr. N. L. Bor, Forest 
Botanist, Forest Re- 
search Institute, 

Dehra Dun. 

Dr. H. S. Rao, Assistant 
Superintendent, Zoo- 
logical Survey of India, 
Indian Museum, 

Calcutta. 

Mr. D. Mukerji, Zoolo- 
gical Laboratory, 
Calcutta University, 
Calcutta. 

Prof. M. H. Krishna, 
Professor of History 
and Director of Ar- 
cheteological Research, 
Maharajah’s College, 
Mysore. 

Dr. C. G. Pandit, Direc- 
tor, King Institute, 
Guindy, Madras. 


Dr. Nazir Ahmad, Di- 
rector, Cotton Techno- 
logical Laboratory, 
Matunga, Bombay. 
Prof, B. T. Krishnan, 

* Head of the Physiology 
Department, Medical 
College, Madras. 

Dr. G. Pal, Department 
of Psychology, Cal- 
cutta University, 
Calcutta. 


Recorder. 

Dr. Ram Behari, Reader in 
Mathematics, Delhi Uni- 
versity, Delhi. 

Prof. G. R. Paranjpe, 
Principal, Royal Institute 
of Science, Bombay, 

Prof. S. S. Joshi, Head of 
the Chemistry Depart- 
ment, Hindu University, 
Benares. 

Mr. V. P. Sondhi, Geological 
Survey of India, Calcutta. 


Prof. Nafis Ahmed, Profes- 
sor of Geomphy, 
Islamia College, Calcutta. 

Dr. S. N. Das-Gupta, 
Reader in Botany, Luck- 
now University, Lucknow. 

Dr. B. R. Seshachar, Assis- 
tant Professor of Zoology, 
Central College, Bemgalore. 


Dr. K. B. Lai, Entomolo- 
gist to Government, U.P., 
Cawnpore. 

Mr. J, K. Bose, Depart- 
ment of Anthropology, 
Calcutta University, 
Calcutta. 


Dr. G. D. Bhalerao, Hel- 
minthologist, Imperial 
Veterinary Research Ins- 
titute, Mukteswar- 

Kiunaun. 

Mr, N. L. Dutt, Imperial 
Sugarcane Station, 

Lawley Road, Coimbatore. 

Dr. K. P. Basu, Reader in 
Biochemistry, University 
of Dacca, Dacca. 

Prof, B. L. Atreya, Profes- 
sor of Philosophy, Hindu 
University, Benares. 
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SecHon. President.' Recorder. 

14. Engineering *Mr. H. P. Philpot, ♦Dr. A. H. Pandya, Prinoi- 
Principal, Engineering pal, Bengal Engineering 
CoUege, Hindu XJniver- College, Sibpur. 
gity, Benares. 

5. The following were elected members of the Sectional Committees 
for the year 1941-42: 

1. Mathematics and 1. Dr. B. N. Prasad, Mathematics Depart- 

Statistics. ment. University of AUahabad, 

Allahabad. ^ 

2. Dr. B. B. Seth, Hindu College, Delhi. 

2. Physics 1 • Dr. P. C. Mahanti, Lecturer in Applied 

Physics, Calcutta University, Calcutta. 
2. Dr. N. R. Tawde, Lecturer in Physics, 
Royal Institute of Science, liCayo 
Road, Bombay. 

3. Chemistry . . 1 . Dr. A. C. Chatterji, Chemistry Depart- 

ment, The University, Luclmow. 

2. Prof. D. D. Karve, Professor of Chemistry, 
FerguBBon CoUege, Poona. 

4. Geology.. .. 1. Dr. G. W. Chiplonkar, Department of, 

Geology, Hindu University, Benares. 

2. Dr. K. P. Rode, Department of Geology, 
Hindu University, Benares. 

5. Geography and 1. Dr. B. B. Mukherjee, Reader in Econo- 

Geodesy. mice and Sociology, University of 

Lucknow, Lucknow. 

2. Khan Sahibzada Muhammad Yusuf, 
Lecturer, ^Lalazar’, Rampur State, 
U.P. 

1. Dr. A. C. Joshi, Department of Botany, 
Hindu University, Benares. 

2. Dr. S. M. Sircar, Assistant Lecturer in 
Botany, Calcutta University, Calcutta. 

1. Prof. A. B. Misra, Professor and Head of 
the Department of Zoology, Hindu 
University, Benares. 

2. Dr. D. P. Raichoudhury, University 
Lecturer in Zoology, Calcutta Univer- 
sity, Calcutta. 

1. Dr. B. C. Basu, Assistant Entomologist, 
Imperial Veterinary Reseckrch Institute, 
Mukteswar-Kumaim. 

2. tRfto Sahib T. V. Ramakrishna Ayyar, 
Retired Government Entomologist, 
Madras; * Hrishikesh*, Lawley Road, 
Coimbatore. 

9, Anthropology . . 1. Dr. P. C. Biswas, Department of Anthro- 

pology, Calcutta University, Cedcutta, 

* Mr. H. P, Philpot being unable to accept the office of the President, 
Dr, A. H. Pandya has been nominated for the office and Mr. N. V. Modak, 
B.E., M.I.C.E., M.I.E. (India), M.I.M. & C.Y.E., F.R.San.L, City Engineer, 
Bombay Municipality, Bombay, has been nominated Recorder of the 
Section. 

f Has de61ined to accept the membership. 


6. Botany 


7. Zoology 


8. Entomology 
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10. Medical and Veteri- 
nary Reeearch, 


11. Agriculture 


12. Physiology 


13. Psychology and Edu- 
cational Science, 

14. Engineering 


2. Dr. (Mrs.) I. Karve, Header in Sociology, 
Deccan College, Poona. 

1. Mr. M. R. Mahajan, Veterinary Investiga- 

tion Officer, Hyderabad State, Sitav 
rampet, Hyderabad. 

2. Dr. B. Mukerii, Pharmacologist, Bio- 

chemical Standardization Laboratory, 
AU-lndia Institute of Hygiene and 
Public Health, Calcutta. 

1 . Dr. B. P. Pal, Imperial Economic Botanist, 

Imperial Agricultural Research Insti- 
tute, New Delhi. 

2. Dr. J. S. Patel, Jute Specialist, Indian 

Central Jute Committee, P.O. Ramna, 
Dacca. 

1. Ml'. S. Banerjee, Department of Applied 

Chemistry, Calcutta University, 
Calcutta. 

2. Dr. S. N. Ray, Imperial Veterinary Re- 

search Institute, P.O. Izatnagar, U.P. 

1. Mr. Kali Prasad, Lecturer in Psychology, 

Lucknow University, Lucknow, 

2, Dr. Indra Sen, Hindu College, Delhi. 

1, Mr. S. P. Chakravarti, Department of 

Applied Physics, Calcutta University, 
Calcutta. 

2. Rao Saheb N. S. Joshi, Executive En- 

gineer, Village Water Supply Scheme, 
Maharashtra Zone, Poona City. 


6. The audited accounts up to November 80th, 1940, were approved. 

7. The Budget Estimates for the year 1st December, 1940, to 30th 
November, 1941, were accepted. 

8. (a) Considered the following resolution adopted by the Executive 
Committ^ in connection with Reserve Fund of the Association and 
reported it for information of the General Committee (vide Rule 16): 

* Resolved that the following Regulation be incorporated in Regulations 
tmder Section ** III. Financial ’* : 

(4) Amounts received on account of Life Membership sub- 
scription shall be credited to the Reserve Fund of the 
Association.’ 

Resolved that the Regulations adopted by the Executive Committee 
be approved. 

(6) In compliance with a resolution adopted by the Council at their 
meeting at Madras in regard to the question of completing the delivery 
of Presidential Addresses in the first three or four days of the Session the 
Executive Committee adopted the following resolution and reported it 
for information of the General Committee. 

‘Resolved that (1) Presidential Addresses should be of 45 minutes 
duration, (2) Presidential Addresses should commence from 9-30 A.M., 
and (3) there should be no afternoon Presidential Addresses. 

Resolved further that in the light of the above resolution necessary 
changes in the Regulations of the Association be made.’ 

Resolved that additions to and alterations in the Regulations proposed 
by the Executive Committee be approved. 

(c) Considered a letter from Dr. B. N. Prasad suggesting change 
of dates of the Session from January 2nd — January 8th to December 28th — 
January 3rd of the following year. 
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The President while placing the matter before the General Con^ttee 
for decision invited Dr. Prasad to speak on the subject. Dr. 
explained the reasons for which he advocated the change and placed the 
following resolution before the house for adoption * 

* Resolved that it be laid down as a permanent principle of the Associa- 
tion that the Session of the Congress would be hold from the 28th Decem- 
ber to 3rd January of the following year instead of the present practice 
of holding the Session from the 2nd to the 8th January, the deteiled out- 
line of the programme being decided by the Executive Committee as at 
present.’ 

Prof. B. Sahni seconded the above resolution of Dr. Prasad. 

The resolution was put to vote and was lost^ 

9. The following votes of thanks were unanimously adopted ; 

(а) A vote of thanks proposed by the President to H.E. the Governor 

of United Provinces of Agra and Qudh for consenting to be 
the Patron of the Association for 1941 and for opening the 
Benares Session. 

(б) A vote of thanks proposed by the President to Pandit Hadan 

Mohan Malaviya and Sir Sarvapalli Rewlhakrishnan for 
consenting to be the Vice-Patrons of the Association for 
1941. 

(c) A vote of thanks proposed by the President to the Benares 

Hindu University and its Vice-Chancellor. 

(d) A vote of thanks proposed by the General Secretary to the 

Government of United Provinces of Agra and Oudh. 

(e) A vote of thanks proposed by Principal P. Parija, General 

Secretary, to the Chairman and Members of the Local 
Reception Committee. 

(/) A vote of thanks proposed by Professor J. N, Mukherjee, 
Treasurer, to the Local Secretaries and the Volunteers. 

(ff) A vote of thanks proposed by Professor P. N. Ghosh to the 
Royal Asiatic Society of Bengal. 

(h) A vote of thanks proposed by Professor B. Sahni to the 
President. 

(t) A vote of thanks proposed by Mr. D. Mukerji to the General 
Secretaries. 

(j) A vote of thanks proposed by Dr, A. N. Singh to the Treasurer. 


3. Mbetino or the Council. 

A meeting of the Coimcil of the Indian Science Congress Association 
was held at 3-40 p.m. on Thursday, January 2nd, 1941, in the Sayaji Rao 
Gaekwad Library, Hindu University, Benares, with Sir Ardeshir Dalai, 
Kt., I.C.S. (Retd.), in the chair. The following items of business were 
transacted : 

(1) The minutes of the proceedings of the meeting of the Council 
held on J anuary 2nd, 1 940, were read imd confirmed. 

(2) Considered the decision made by the Executive Committee in 
TOg^ to the question of completion of delivery of the Presidential 
Addresses in the first three or four days of the Session. 

The Executive Committee decided as follows : 

‘Resolv^ that (1) Presidential Addresses should be of 46 minutes 
* Presidential Addresses should commence from 9-30 a.m,, 
and (3) there should be no afternoon Presidential Addresses. 

Resolv^ further that in the light of the above resolution necessary 
changes m the Regulations of the Association be made.* 

Resolved that the decision of the Executive Committee be adopted 
for confirmation by the General Committee. 
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3. In compliance with the resolution evdopted by the General 
Committee at their Special Meeting held on January 3rd, 1940, at Madras 
the Executive Comimttee recommended for adoption by the General 
Committee the following Regrouping of Subjects into Sections : — 

(1) Mathematics and Statistics. 

(2) Physics. 

(3) Chemistry. 

(4) Geology and Geography. 

(5) Botany. 

(6) Zoology and Entomology. 

(7) Anthropology and Archaeology. 

(8) Medical Sciences. 

(9) Agricultural Sciences. 

(10) Psycholo^ and Educational Science. 

(11) Engineering. 

Resolved that the Regrouping of Subjects into Sections as recom- 
mended by the Executive Committee be approved for adoption by the 
General Committee with the modification that the Section of 'Agricultural 
Sciences* as recommended by the Executive Committee be named as 
* Agricultural and Veterinary Sciences *. 

4. Mr. W. D. West drew the attention of the Council to the confusion 
arising out of the Indian Statistical Institute holding their annual con- 
ference at the same time as that of the Indian Science Congress Session. 

It was suggested by the Council that the General Secretary might 
enquire from the Secretary of the Indian Statistical Institute if^ in the 
event of a separate Section of Statistics being formed in the Indian Science 
Confess, it may not be possible on the part of the Institute to discontinue 
holding their annual conference at the same time as the Session of the 
Science Congress. 


4, Mbjbtings of the Executive Committee. 

Ten meetings of the Executive Committee were held during th * year 
1940-41. The following were among the important items of business 
transekcted : 

1. A resolution was adopted to give action to the clause 1(1) that 
the cost of printing of extra pages over 25 of the Proceedings of the 
Congress should be requested to be borne by the respective Presidents. 

2. In view of the fact that in consequence of the outbreak of war 
the publication of the Fauna of British India has been stopped it was 
decided to express opinion regarding the value of this series of publication 
of British India and to request its continuation. 

3. Professor S. P. Agharkar was nominated member of the Finance 
Committee for the Session ending January 31st, 1941. 

4. In compliance with the resolution adopted by the General Com- 
mittee at their special meeting held on January 3id, 1940, at Meidras 
regarding Regrouping of Subjects into Sections a Sub-Committee consisting 
of (1) Professor B. Sahni, (2) Professor S. P. Agharkar, (3) Professor P. C. 
Mitter, (4) Dr, Baini Prashad, (6) Professor S. K. Mitra, and (6) Principal 
P. Parija was formed to consider the matter in detail. 

5. Professor B. N. Singh and Professor P. S. Varma were appointed 
Local Secretaries for the 28th Session of the Congress held at Benares 
and were also co-opted as Members of the Executive Committee. 

6. It was decided that ordinarily enrolment as ihembers of this 
Association by the participants of a discussion should be insisted upon; 
but in case any eminent scientist is specially invited to take part in a 
discussion this rule may be relaxed. 

7. The invitation of the University of Dacca to hold the 1942 Session 
of the Indian Science Congress at Dacca was accepted and the Universities 
of Travancore and Bombay were informed that the Executive Committee 
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would bo glad to avail thomselves of Uieir invitations to hold meetings 
under their auspices at a later date. » 4.. 

8. Tho following resolution ardopted by the Section of Math^natics 
was approved by the Executive Committee and transmitted to the Chair- 
man, Federal Public Service Commission: 

‘ The Section of Mathematics adopted a resolution expressing 0|)inion 
that under existing Regulations candidates, offering Mathematics m the 
higher competitive examinations, labour under various handicaps and 
urged on the Public Service Commission the need for investigating the 
matter. The directions in which the need for a change appeared most 
urgent were referred to as follows: 

In the I.C.S. Examination — 

(1) A more detailed syllabus in Mathematics should be drawn. 

(2) A syllabus should be more closely related to those of graduation 

and post-graduation courses in Mathematics in Indian 
Universities. 

(3) In the matter of marks Mathematics should be placed on par 

with history and other subjects. 

In the Audit and Accoimts Service Examination — 

Candidates offering Mathematics should not be debarred from 
offering also the paper in Elementary Mathematics.* 

9. The following resolution adopted by the Section of Chemistry 
at Madras was duly forwarded to the Honorary Secretary of the Board 
recommended: 

*At the recommendation of tho Committee, consisting of Dr. S. 
Krishna, Prof. B. B. Dey, Dr. H. K. Sen and Prof. S. S. Bhatnagar with 
powers to co-opt, appointed by the Sectional Committee, the Section of 
Chemistry decided to set up a permanent Advisory Board, composed of 
experts from the various provinces of India, to help in the development 
of Chemical Industries in the coimtry. The Board, consisting of the 
following members, with powers to co-opt when necessary, was appointed 
for the purpose: 

Dr. S. S. Bhatnagar, now Sir, (Calcutta). 

Dr. J. L. Sarin (Punjab). 

Dr. K. Venkataraman (Bombay). 

Dr. K. G. Naik (Baroda). 

Dr. R. S. Thakor (Nagpur, C.P.). 

Dr. N. N. Godbole (Benares, U.P.). 

Dr. Sri &ishna (Dehra Dun, U.P.). 

Dr. H. K. Sen (Bihar and Orissa). 

Dr. B. C. Guha (Calcutta, Bengal). 

Dr. J. K. Chowdhury (Dacca, Bengal). 

Dr. B. B. Dey (Madras). 

Dr. T, R. Seshadri (Waltair). 

Dr. K. L. Moudgill (Travancore). 

Dr. J . C. Ghosh (Bangalore). 

Dr. B. L. Maujunath (Bangalore). 

The duties of the Board which was decided include the following : — 

(o) The preparation of reports on the availability of the principal 
raw materials, chemicals and plants, sources of power, cost, 
etc., for the foimding of chemical industries. 

(6) The suggestions of problems for research with the object of 
starting definite chemical industries, and the allocation of 
these problems to the different research institutions in the 
country, 

(c) The co-ordination of the results of such researches and the 
publicity thereof. 
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(d) The supply of reliable technical and other information to private 
enterprises in the country. 

In order that the fullest advantage might be taken of the deliberations 
of such Board it is recommended that the members should be in constant 
touch with each other and meet at least once in the year during the Session 
of the Indian Science Congress, one of the members, preferably Dr. H. K, 
Sen, acting as the Honorary Secretary of the Board for the present.* 

10. In consideration of the following resolution the President of 
the Section of Geography and Geodesy for the 28th Session was requested 
to send concrete proposal in this connection in consultation with the 
Sectional Committee : 

* The Geography and Geodesy Section adopted a resolution requesting 
the Executive Committee of the Indian Science Congress Association to 
inform the Census Commissioner for India for 1941 and the Census Super- 
intendents of the Provinces and Estates that the Section of Geography 
and Geodesy of the Indian Science Congress Association is willing to 
co-operate with the Census Officers in the production of maps, diagrams, 
etc.* 


11, The following resolution adopted by the Section of Zoology 
at Madras was duly forwarded to the Convener requesting him to consffit 
with the Sectional Committee of Botany also in this connection : 

‘ The Zoology Section adopted the following resolution : 

(i) A small Committee should be formed with a view to collect 

all data, proposals and schemes (including cost) and into 
the details for supporting an All-India Marine Biological 
Station in some suitable place in India. 

(ii) The Committee may be constituted as follows ; 

1. Dr. F. H. Gravely (Convener), 

2. Prof. R. Gopala Aiyar. 

3. Prof. K. N. Bahl. 

4. Prof. S. G. M. Kamanujam. 

6. Prof. George Matthai. 

6. Prof. B. K. Das. 

7. Dr. J. P. Joshua. 

8. Dr. B. Sundara Raj. 

9. Prof. C. R. Narayan Rao. 

10. Dr. Parthasarathy Aiyanger (Madras). 

11, Dr. Raghawan (Annamalai University). 

(iii) All proposals, schemes, etc., will be circulated amongst the 

meml^rs of the above-mentioned Committee and a joint 
memorial will be prepared with the consent of all the members 
which will be sent to all the Provincial and State Govern- 
ments, the Central Government and the Universities for 
grant-in-aid as well as other necessary steps to be taken in 
this matter. 

(iv) The present resources of the Fisheries Department at Krusadai 

under the Madras Government should be fully utilized and 
developed. 

(v) Due attention should be paid to arrange for a well- trained 

competent staff, laboratory, residence, boarding, etc. The 
staff should be able to conduct work of a Marine Biological 
Nature and Marine Biological research and should arrange 
for a term of teaching work for the various Universities in 
India, such as refresher’s courses and the like. 

(vi) With a view to facilitate the drawing up of a memorial, all 

reports should be placed before the Committee at the next 
meeting of the Indian Science Congress (the 28th Session 
to be held at Benares in 1941). 
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(vii) Two representatives should be co-opted to the Committee, 
mentioned in (ii) above, from each University, as well as 
from the Zoological Survey of India.’ 

12. The following resolutions adopted by the S^tio^ of Entomology 
and Anthropology were duly forward^ to the University Board: 

(а) ‘ The Entomology Section in its joint meeting with the Zoology 
Section adopted a resolution recommending to the Executive Commit^ 
of the Indian Science Congress Association for approaching the Indian 
Universities for introducing Entomology as a separate subject of study for 
the M.Sc. Degree Examination and for making adequate provision for the 
teaching of the subject in the under-graduate^ courses.* 

(б) (1) ‘The Anthropological Section of the Indian Science Congress 

is strongly of the opinion that the Anthropological work 
done at the last Census, both physical and cultural, will 
lose much of its scientific value if it is not continued during 
the forthcoming census operations. It is of opinion that 
the work should be extended as regards scope and geographi- 
cal areas so as to include castes and tribes not previously 
studied and should also include a study of blood-groups. 
It considers it essential that trained workers only should 
be employed for this work. 

(2) The Anthropological Section of the Indian Science Congress 
Session at Madras reiterates the resolution moved by 
Prof. Fleure and passed unanimously at the Silver Jubilee 
Session of the Congres at Calcutta in 1938 “ that in view of 
the urgent necessity of an intensive study of biological 
traits and social institutions of primitive as well as advanced 
peoples and cultures in India, it is essential that the Uni- 
versities and Provincial Admmistrations should make 
adequate provisions for the teaching and research in 
Anthropology 

The Anthropological Section of the Indian Science Congress is 
also of opinion that in view of the extensive scope for 
anthropological pre-historic work in South India, the 
Universities of South India should organize a department 
of pre-historic and anthropological studies, both cultural 
and physical, at the earliest possible opportunity. It 
considers that the institution of a degree course in Archaeo- 
logy would be the first and most appropriate step towards 
this end, particularly in the Universities of Madras, Andhra, 
Amiamalai, Mysore, Osmania and Travancore.* 

13. The following resolution adopted by the Section of Anthropology 
at Madras was duly communicated to the Census Department: 

*(1) The Anthropological Section of the Indian Science Congress 
is strongly of the opinion that the Anthropological work 
done at the last Census, both physical and cultural, will 
lose much of its scientific value if it is not continued during 
the forthcoming census operations. It is of opinion that the 
work should bo extended as regards scope and geographical 
areas so as to include castes and tribes not previously 
studied and should also include a study of blood -groups. 
It considers it essential that trained workers only should 
be employed for this work.* 

14. Considering the following resolution adopted by the Section 
of A^iculture^ the Executive Committee decided that while agreeing 
in principle with the resolution adopted by the Section of Agriculture 
request the Presidents of all the Sections to draw up a list of the topics 
of discussion for the following year preferably at the first meeting of the 
Sectional Committee during the Session: 
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* The Agriculture Section adopted a resolution suggesting that the 
Sectional Presidents may send round a circidar to members 
of the Sectional Commit^ in November or early in December 
each year inviting proposals for topics of discussion for the 
succeeding year, and such proposals be placed before the 
Sectional Committee in Jcmuary for their consideration. It 
was suggested that this procedure would enable absent members 
of the Committee to send in their suggestions.’ 

15. The following deaths of the members of this Association were 
recorded: 

(1) Sir Frederick Hobday, Honorary Member of this Association. 

(2) Dr. P. T. Patel, Ordinary Member of this Association. 

(3) Mr. Balcrushna Venayek Wassoodew, Ordinary Member of this 

Association. 

16. Invitations were extended to the following Scientific Bodies 
requesting their representatives at the 28th Session of the Indian Science 
Congress held at Benares: 

(1) British Association for the Advancement of Science, London. 

(2) American Association for the Advancement of Science, Washing- 

ton. 

(3) Australian Association for the Advancement of Science, Sydney. 

(4) South African Association for the Advancement of Science. 

(6) U.S.S.R. Academy of Sciences, Moscow. 

(6) Royal Swedish Academy of Sciences, Stockholm. 

(7) Imperial Academy of Sciences, Tokyo, Japan. 

(8) Pacific Science Congress, California, U.S.A. 

17. Messrs. Ray & Ray were appointed auditors for auditing the 
accounts of the Indian Science Congress Association for the year ending 
30th November, 1940. 

18. The following Regulation was incorporated in the Regulations 
under Section III — ^Financial: 

(4) Amounts received on account of Life Membership subsciiption 
shall be credited to the Reserve Fund of the Association. 

19. It was decided that necessary changes in the Regulation of this 
Association should be made in compliance with the resolution that (1) 
Sectional Presidential Addresses should be of 45 minutes duration, (2) 
Presidential Addresses should commence from 9-30 a.m., and (3) there 
should be no afternoon Presidential Addresses. 

20. A resolution adopted by the Section of Medical and Veterinary 
Research at ])^dras suggesting that so long as the present grouping of 
Medical and Veterinary Sciences in one Section continues it would be 
desirable to have the President and Recorder selected so that both branches 
of this Section are represented each year was accepted. 

21. It was decided to stop the printing of separates of Abstracts of 
Papers (Part III). 

22. In consideration of the reconunondation of the Sub-Conunittee 
(appointed by the Executive Committee at their meeting dated 1-1-40) in 
the matter of Regrouping of Subjects into Sections of the Congress the 
following Sections were recommended for consideration by the General 
Committee : 

(1) Mathematics and Statistics. 

(2) Physics. 

(3) Chemistry. 

(4) Geology and Geography. 

(6) Botany. 

(6) Zoology and Entomology. 

(7) flnthropology and Archaeology. 

(8) Medical Sciences. 



48 Twenty-eighth Indian Science Congress. 


(9) Agricultural and Veterinary Sciences, 

(10) Psychology and Educational Science. 

(11) Engineering and Metallurgy. 

23. A Sub-Committee consisting of Professor J. N. Mukherjee, 
Professor S. P. Agharkar and Dr. Baini Prashad was appointed to take 
steps to recover the publications of the Association lying in the premises 
of the Royial Asiatic Society of Bengal, Calcutte. 

24. Mr. D. N. Wadia was appointed President for the 1942 Session. 

6. Sub-Committee on ‘ Science and Social Relations *. 

A meeting of the Sub-Committee on Science and Social Rela- 
tions of the Indian Science Congress Association was held, during the 
Congress Session held at Benares, on January 6th, 1941, at 1-30 p.m. 
at the College of Science Building at the Benares Hindu University, 
when the following business was transacted, with Dr. John B. Grant, 
Director, All-India Institute of Hygiene and Public Health, Calcutta, 
in the Chair : 

1. Prof. D. D. Kanga proposed and Mr. Boshi Sen seconded the 
resolution that the annual report, submitted by the Honorary Secret€uy, 
be adopted, and the resolution was imanimously carried. It was also 
resolved that the Committee’s thanks be conveyed to the retiring Secretary 
for his services during the year. 

2. In view of the retiring Secretary’s remarks with regard to making 
a provision for stationery, secretarial work, etc., Dr. Grant proposed and 
Professor Elanga seconded the resolution that each member of the Com- 
mittee be invited to contribute Rs.lO per year, and the resolution was 
carried unanimously. Dr. Grant, Pi^ofessor Kanga, Mr. Boshi Sen, 
Mr. A. C. Ukil and Dr. Kewal Motwani paid their annual contributions on 
the spot. 

3. Since Dr. C. N. Acharya, the Honorary Secretary of the C.S.S.R., 
had requested to bo relieved of his duties. Dr, Grant proposed and Mr. 
Boslii Sen seconded the resolution that Dr. Kewal Motwani be elected 
Honorary Secretary of the Committee, and the resolution was unani- 
mously carried. 

4. Dr. Grant proposed and Dr. Motwani seconded the resolution that 
Mr. A. C. Ukil of the All-India Institute of Hygiene and Public Health 
bo co-opted as a member of the C.S.S.R. The resolution was unanimously 
carried and Mr. Ukil was invited to join the proceedings of the Committee. 

It was further resolved that * Educational Planning in In^a * be taken 
up for discussion at the next annual meeting of the C.S.S.R. 

Dr. Grant also suggested that the members of the Committee make 
use of the magazine * Science and Culture edited by Dr. M. N, Saha and 
others, published in Calcutta. 

5. Professor Kanga proposed and Dr. Motwani seconded the resolu- 
tion that the Committee draft a re^lution outlining its scope and CM^ti- 
vities and that Dr. Grant be authorized to draft the resolution. The 
resolution was carried. 

(A joint discission was held on 'Reasons for the lag in India of 
utilization of medical knowledge by the individual emd initial steps to- 
wards solving the problem’ under the auspioes of the Sub -Committee on 
* Science and Social Relations see page 20.) 
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E. RESOLUTIONS ADOPTED BY SECTIONS. 

Section of Geography and Geodesy. 

Kesolved that the Executive Committee of the Indian Science 
Congress Association should find out from the Census Commissioners for 
India emd the Census Superintendents of the Provinces and the States for 
the year 1941 whether they need the co-operation of the Section of the 
Ceography cmd Geodesy in the preparation of maps and diagrams or in 
any other way in which they thi^ that the services of this section could 
be of any use of them. 

Section of Botany. 

Resolved that a Committee consisting of Prof. S. P. Agharkar, Prof. 
B. Sahni fimd Prof. P. Parija with Prof. Agharkar as Convener be appointed 
to represent to the Government of India the necessity of the creation of an 
Advisory Board including representatives of the Botanical Survey of 
India» the Indian Universities, the Indian Science Congress and the Indian 
Botanical Society in connection with the Botanical Survey of India. 

The fimctions of this Board should include determination of the 
general policy of the Botanical Survey and the allocation of funds for 
exploration purposes. 

Section of Zoology. 

Resolved that the Committee formed last year at the Zoology Section 
of the Indian Science Congress be empowered to send copies of the resolu- 
tions and decisions arrived at their meetings at Madras to each one of ( he 
members of the Botcuiy and the Zoology Sections and through the General 
Secretary arrange for a joint meeting of the two Sections at the next year’s 
Science Congress, bringing up its definite proposals and to be included in 
the agenda. 

Resolved further that Dr. B. K. Das be the Convener. 

Section of Entomology. 

In view of the rapid growth of Entomology and increasing apprecia- 
tion of its economical importance, this meeting recjuests the authorities 
of the Zoological Survey of India and the Imperial Agricultural Research 
Institute to increase their efforts for the survey of insect fauna of India 
and to have more sub-sectiona of Entomology in their museums with 
the taxonomic exports of respective groups for the identification of 
insects. 

This meeting records its appreciation of the value of the Fauna 
of British India to economic and ekcademic Zoology and Entomology and 
views with apprehension the possibility of this series being interrupted or 
discontinued indefinitely. 


Section of Anthropology, 

The Anthropological Section of the Indian Science Congress reiterates 
the resolution passed at the suggestion of Prof. H. J. Fleure at the Jubilee 
Session of the Indian Science Congress in 1938, cuid urges on such TnHmn 
Universities as have not yet considered the resolution to do so at an early 
date. 

4 
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Prof. Fleure’s resolution ran thus—* This Conference is of opinion that 
in view of the urgent necessity of intensive study of biological traits 
n-ffd social institutions of primitive as well as advanced peoples and 
cultures in India, it is essential that the UmversitieB and I^yincial 
administrations should make .adequate provisions for the teaching of 
Anthropology.* 

Section of Agriculture, 

Resolved (1) that early and efficient steps be taken through the 
Imperial Council of A^icultural Research and similar bodies as well as 
through our Universities to collect together and describe in all aspects 
the wild species of plants related to the main agricultural crops of the 
country, and (2) that a committee consisting of Mr. K. Ramiah, Indore, 
Rao Bahcuiur T. S. Venkatraman, Coimbatore, Dr. B. P. Pal, New Delhi, 
and two members selected by the Indian Botanical Society be authorized 
to work out details in this connection and give effect to the first resolution. 
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F. RULES AND REGULATIONS, INDIAN SCIENCE CONGRESS 
ASSOCIATION. 

RULES. 

1. The name of the Ai»ociation shall be the Indian Science Congress 
Association, and its object shall be the advancement of Science in £idia 
by the annual holding of a Congress and the doing of all such things as are 
incidental or conducive to the above object, including — 

(a) the holding and management of funds and property; 

(h) the acquisition of rights and privileges necessary or convenient 
for the object of the Association ; 

(c) the management, development, improvement, disposal, and sale 
of all and any parts of the property of the Association. 

2. The Association shall consist of Ordinary Members, Honorary 
Members and Session Members. 

3. Ordinary Members of the Association shall have the right to 
contribute papers for reading at the Session of the Congress, to receive 
free of charge all publications issued by the Association, and to fill any 
office in the Association on being duly elected thereto. 

4. The annual subscription of Ordinary Members shall be Rs.lO. 
The subscription shall become due on the Ist February of each year and 
shall only be effective as a payment for Ordinary meml^rship subscription 
if received before the 15th July of the year. 

6. Any Ordinary Member may compound for the payment of all 
future annual subscriptions by the pajrment in a single smn of Bs.l50. 

6. Honorary Members shall have all the rights and privileges of 
Ordinary Members. 

Honorary Members, the number of whom shall be limited to fifteen 
at any one time, shall be persons eminent for their contributions to 
Science or persons who have rendered conspicuous services to the cause 
of Science in India. 

Honorary Members shall be unanimously nominated by the Executive 
Committee subject to confirmation by the Council and the General Com- 
mittee at its annual meeting. Not more than one Honorary Members 
shall be elected in any year. 

7. There shall be three classes of Session Members: — 

(а) Full Session Members — subscription Bs.lO per Session. 

(б) Associate Session Members — subscription Rs.6 per Session. 

(c) Student Session Members — subscription Rs.2 per Session. 

8. Full Session Members shall have the right to contribute papers 
for ree^ling at the Session of the Congress, and to receive free of charge 
all publications issued by the Association relating to the Session of the 
Congress of which they are Members. 

Associate and Student Session Members shall have the right to submit 
papers for reading at the Session of the Congress of which they are Members 
provided such papers be communicated through an Ordinary or an 
Honorary Meml^ of the Association. 

A Student Member shall before admission be duly certified by the 
head of his Institution to be a bona fide student. 

Associate and Student Session Members shall receive free of cost the 
Abstracts of Papers contributed for the Session of which they are members. 

9. The official year of the Association shall commence from the Ist 
of February. 
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10. There shall be Officers ,of the Association consisting of the lum- 
bers of the Executive Committee and Presidents and Recorders of Sections. 

11. Only Ordinary and Honorary Members shall hold office in the 

Association. ^ . 

12. The term of office of all Officers of the Assocmtion except the 
President shall commence from the beginning of the official year ana shall 
extend until the assumption of office by their successors appointed in 
accordance with the provisions of these Rules. The President shall 
assume office on the opening day of the Annual Congress following the 
one at which he is appointed, and shall continue to hold office until the 
assumption of ofdce by his successor. 

13. There shall be an Executive Committee which shall carry on the 
administrative work of the Association and subhiit such questions as it 
thinks desirable to a General Committee at its Annual Meeting during the 
Session of the Congress or at a Special Meeting of which due notice shall 
have been given. 

14. The Executive Committee shall consist of the President, the 
President-elect for the following year, the two General Secretaries, the 
Treasurer and seven Members, Ordinary or Honorary, elected by the 
General Committee. For the purpose of this election any Ordinary or 
Honorary Member may propose the name of an Ordinary or an Honorary 
Member for election to the Executive Committee. Such proposal must be 
seconded by another Ordinary or Honorary Member and must reach the 
General Secretary before the 16th September. The Executive Committee 
shall circulate these names, together with such other names, not exceeding 
three, as it may suggest, to all Ordinary and Honorary Members for 
election by ballot, Ttie ballot papers will be scrutinized by the President 
and the General Secretaries, and the result of the ballot will be announced 
at the meeting of the General Committee. 

The Executive Committee shall co-opt ns Members at least one and not 
more than two Local Secretaries for the ensuing Session of the Congress. 

16. The Executive Committee shall have full power to transact all 
business m cases of emergency, notwithstanding any limitations herein* 
after laid down, and to deal with all matters not otherwise provided for 
in these Rules, including the making of such Regulations as may appear 
conducive to the good administration of the Association and the attorn- 
ment of its object; provided always that such Regulations be not incon- 
sistent with anything contained in these Rules, that they be reported for 
the information of the next meeting of the General Committee, and that 
they be subject to rescission or alteration by the Executive Committee 
or by any meeting of the General Committee. 

16. There shall be a General Committee which shall consist of all 
Ordinary and Honorary Members of the Association. 

17. The General Committee shall meet at least once during each 
Session of the Congress preferably in the middle of the Session. 

18. There shall be a Council which shall consist of all Members of 
the Executive Committee, and all such Ordinary and Honorary Members 
of the Association as have held office as President, General Secretory, 
Treasurer, or Managing Secretory of the Association, the Sectional Presi- 
dents for the ensuing Session, and in addition seven Members of the 
Association, Ordinary or Honorary, elected by the General Committee. 
For the purpose of this election any Ordinary or Honorary Member 
may propose the name of an Ordinary or an Honorary Member for election 
to the Council. Such proposal must be seconded by another Ordinary 
or Honorary Member and must reach the Gfeneral Secretory before the 
15th September. The Executive Committee shall circulate these names, 
together with such other names, not exceeding three, as it may suggest, 
to all Ordinary and Honorary Members for election by ballot. The 
ballot papers will be scrutinized by the President and the General Secre- 
taries, and the results of the ballot will be announced at the meeting of 
the General Committee. 
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19. 1!he funotim of the Counoil shall be to act as a body of advisers 
to be consulted by the Executive Committee on important questions of 
policy or scientific import, 

20. There shall be a President who shall be nominated by the 
Executive Committee and whose nomination shall be submitted to the 
General Committee at its Annual Meeting during the Session of the 
Congress for confirmation. 

21. There shall be two General Secretaries (one of whom shall be 
resident in Calcutta) who shall be nominated by the Executive Committee 
and whose nomination shall be submitted to the General Committee at 
its Annual Meeting during the Session of the Congress for confirmation. 

22. There shall be a Treasurer who shall be nominated by the 
Executive Committee and whose nomination shall be submitted for con- 
firmation to the General Committee at its Annual Meeting during the 
Session of the Congress. 

23. The term of office of each General Secretary and of the Treasurer 
shall be for a period of five years following the confirmation of the appoint- 
ment of any one of them, and each of them shall be eligible for re-appoint- 
ment. 

24. In the event of a vacancy amongst the General Secretaries and 
the Treasurer occurring between two Sessions of the Congress the Executive 
Committee shall have power to appoint a General Secretary or the Trea- 
surer for the period up to the termination of the next Session of the 
Congress. 

26. There shall be a Local Secretary or Local Secretaries for each 
Session of the Congress who shall be appointed by the Executive Com- 
mittee. 

26. There shall be a Local Committee for each Session of the Congress 
which shall be appointed by the Executive Committee. 

27. The Local Secretary, or Secretaries, and the Local Committee 
shall jointly, on behalf of and in consultation with the Executive Com- 
mittee, make all necessary arrangements for the bolding of the Session of 
the Congress. 

28. For the purpose of scientific deliberation during the Session of 
the Congress there shall be such Sections corresponding to diiterent 
branches of science as may from time to time be constituted by the 
General Committee on the recommendation of the Executive Committee. 
It shall be competent for any Section after the first day’s meeting to hold 
its scientific meetings in sub-sections for the purpose of dealing separately 
with different groups of papers submitted to that Section. A separate 
chairman may be appointed by the Sectional President in consultation 
with the Sectional Committee to preside over each sub-section. 

29. There shall be in each Section a President and a Becorder who 
shall be appointed by the Executive Committee, In addition there shall 
be a Sectional Correspondent and a Local Sectional Secretary who shall be 
appointed by the Executive Committee. 

30. In each Section there shall be Sectional Officers, namely, a 
President, a Recorder, a Sectional Correspondent, and a Local Sectional 
Secretary. The President and the Recorder shall be the chief executive 
officers of the Section. They shall have power to act on behalf of the 
Sectional Committee in any matter of urgency which cannot be brought 
before the Sectional Committee for consideration, and they shall report 
such action to the Sectional Committee at its next meeting. 

The work of each Section shall be conducted by a Sectional Com- 
mittee which shall be constituted as follows: — " 

(a) Sectional Officers. 

(&) All Ordinary and Honorary Members of the Association who 
have be^ Presidents or Recorders of the Section. 

(c) Two Members of the Association, Ordinary or Honorary, 
elected by the General Committee at its Annual Meeting 
during the Session of the Congress. 
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The Sectional President preside over all meetings of the Section 
and of the Sectional Committee. He shall be the convener of the meetings 
of the Sectional Committee. His reding dudl be final on all points of 
order that may arise. 

The Sectional Recorder shall act as the Secretary of the Sectional 
Committee, and shall maintain a proper record of the proceedings of the 
Sectional Committee and of the Section in a book provided for the purpose. 
He etoU be responsible for the punctual transmission to the General 
Secretary of the recommendations adopted by the Sectional Committee, 
and of resolutions adopted by the Section. 

The Sectional Correspondent diall be resident at the headquarters 
of the Association, and shall be responsible for preparing for the press the 
material relating to his Section, ckccording to the instruction of the Sec- 
tional President. 

The Local Sectional Secretary shall be resident in the locality where 
the Annual Session is held, and s^ll be responsible for all local arrange- 
ments for the work of his Section, and for arranging the Sectional excursions 
in consultation with the Local ^retaries. 

31. The Sectional Committee shall meet on the opening day of each 
Session of the Congress, and daily thereafter during the Session before the 
meeting of the Section unless otherwise determined at a meeting of the 
Sectional Committee. 

In the absence of the Sectional President from any of its meetings 
the most senior member of the Sectional Committee present shall take 
the chair. 

In their meeting on the opening day they shall 

(а) nominate a Sectional President and a Sectional Recorder for the 

ensuing year for the consideration of the Executive Com- 
mittee ; 

(б) determine the detailed arrangements for the Sectional meetings; 

(c) select the papers to be read cmd discussed ; 

and in their meeting during the Session they shall also 

(d) nominate a Sectional Correspondent and a Local Sectional 

Secretary for the ensuing year for the consideration of the 
Executive Committee; 

(e) determine the contents of the Sectional records in the Proceed- 

ings in accordance with Rule 32 (e) ; 

(/) consider means of improving the scientific work of the Section, 
and make suggestions to the Executive Committee whenever 
considered necessary ; 

(g) select topics for discussions at the next Session of the Congress 
and make necessary arrangements (i) through the President 
of the Section concerned for discussions within a Section, 
and (ii) through the Sectional President who has initiated the 
proposal for a discussion in which more than one Section 
will participate. 

.32. (a) All papers submitted for reading at the next Session of the 

Congress shall be forwarded to the General l^retary so as to reach him 
not later them September 15th of the calendar year preceding the Session 
of the Congress at which the papers are intended to be read, provided that 
this date may be changed by the Executive Committee for special reasons. 

(6) Any paper submitt!^ for reading at the Session of the Congress 
shall be accompanied by an abstract in triplicate. 

(c) All papers submitted for reading at a Session of the Congress 
shall be checked by the Sectional Correspondent concerned or by such 
person or persons appointed by ihe G^eral Secretary. The papers 
together with a copy each of the abstracts shall then be sent to the Sec- 
tional President concerned for refereeing and acceptance. Decisions 
with regard to acceptance or rejection of any paper shall be final and all 
reports confidential, 
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{d) No paper published elsewhere idiall be ckcoepted. 

(e) Only abstracts of the paper received by the General Secretary 
before September 15th in acco^cuioe with Rule 32 (a), (6) and (o) shall 
be printed in Part III of the Proceedings. In exceptional circiunstanoes 
abstracts of papers received after that date and read before the Section 
if specially recommended by the Sectional Committee, may be printed 
in Part IV. 

33. The Proceedings of the Indian Science Congress Association 
shall be published in one volume in four separate parts, as follows: — 

I. To contain the list of ofdcers, the proceedings of the opening 
meeting (except the General Presidential Address) and all 
official matters. 

II. To contain the Presidential Addresses. To be distributed to 
those present at the meeting after the addresses have been 
delivered, cuid to absent Ordinary, Honorary and Pull 
Session Members by post after the meeting. 

III. To contain the abstracts of papers to be read before the 

Sections which are received before September 15th in 
accordance with Rule 32 (o). No abstracts shall be included 
in this volume from authors who have not already enrolled 
themselves as Members of the Association. To be distributed 
in advance of the Meeting to all Members of the Association. 

IV. To contain the discussions, late abstracts accepted in accord- 

ance with Rule 32 (e), the list of members and the index. 

34. The following procedure shall be observed for the making of any 
addition to or alteration in the Rules of the Association : — 

(i) Proposals for additions to and alterations in the existing Rules 

may be placed at any time before the General Committee 
by the Rxecutive Committee. 

(ii) (a) Proposals for c^ditions to euid alterations in the existing 

Rules by any Ordinary or Honorary Member of the 
Association shall be sent to one of the General Secretaries 
so as to reach hiTn two full months before the meeting 
of the General Committee in which they are to be moved. 
(6) One of the General Secretaries shall circidate such proposals 
to all Ordinary and Honorary Members of the Association 
at least one full month before the meeting of the General 
Committee. 

(c) Any amendments to the proposals shall be sent by any 

Ordinary or Honorary Member of the Association to one 
of the General Secretaries so as to reach him at least a 
fortnight before the meeting of the General Committee. 

(d) The proposals together with any amendments shall be 

brought up before the meeting of the General Committee 
at its Annual Meeting during the Session of the Congress 
together with any remarks of the Executive Committee 
and declared carried if accepted by a two-thirds majority 
of the constituent Members present cuid voting at the 
meeting. 

(Adopted the 5th Jcmuary, 1931. 
Itovis^ the 5th January, 1935, the 
6th January, 1936, the 5^ January, 
1937, the 8th Januaxy, 1939 and the 
6th January, 1940.) 
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REGULATIONS. 

I. Sbotional Offiobbs. 

(1) The Frefiddent delivers a Presidential Address of which ordinarily 
the cost of printing 25 pages of the Proceeding in its usual form shall be 
borne by the Indun Science Congress Association. The time available 
for delivery of the Presidential Address shall usucdly not exceed 45 minutes. 
The manuscript of the address, ready for the press, should be received 
by the General Secretary before October 15th of the calendar year preceding 
the Session of the Congress at which the address will be delivered, provided 
that this date may be changed by the Executive Committee for special 
reasons. It should bo accompani^ by 12 copies of a short popular sum- 
mary (about 500 words) for issue to the lay press. The time and date of 
the delivery of the President’s address will be communicated before the 
meeting of the Congress. No two Presidential addresses will be delivered 
at the same time. 

(2) The President shall be entitled to receive 30 copies of his etddress 
without charge, and additional copies at the cost of reproduction. 

(3) Railway fares, postage, clerical or other expenses incurred by 
the Sectional Presidents, will not be paid by the Association. 

(4) The following procedure is ^opted for the collection of papers 
for the Sections: — 

About the middle of April a number of copies of a printed circular 
will be forwarded to the President of each Section who may arrange 
to send these to workers in that branch of science with which his Section 
is concerned, requesting them to contribute papers for reading before 
the next meeting of the Congress. 

The circular will contain a clause inviting such workers as are not yet 
Ordinary Members of the Association to join as such. Particular note 
should be taken of the fact that no new Ordinary Members are enrolled 
after the 15th Jidy of the year. 

In the case of joint papers, each author must be a Member of some 
category. 

(6) The President referees, either in person or by proxy, the papers 
received for reading before his Section in accordance with Buie 32. 

Abstracts should be limited, except in very special cases, to about 
200 words. Long abstracts should be reduced by the President. Re- 
ferences to literature in abstracts should be avoided as far as possible 
and when given should conform to the system of abbreviations used by 
the Association. 

The contents of all abstracts should be carefully checked by the 
Sectional Correspondent concerned or by such person or persons appointed 
by the General Secretary, and the abstracts shall then be sent to the 
S^tional President for his final scrutiny and approval. 

Joint discussions on related paper may be held. Authors of papers 
should be informed of the time allotted by the President to the reading 
of their papers. An author contributing more than one paper should 
be asked to specify which of them he would prefer to recbd at the 
meeting. 

(6) The President, in consultation with the Local Sectional Secretary, 
shall make arrangements for such local Sectional excursions as seem 
desirable. Due notice shall be given to the General Secretaries of all 
such arrangements. 

(7) The President and Recorder should, in consultation with other 
membm of the Sectional Committee, make proposals to the General 
Secretary regarding the programme of the Section. Such proposals 
should reach the General Secretary not later them the 1st November, so 
SiB to enable the necessary deteuls to be entered in the progretmme. General 
discussions on questions of importance, held either by a single Section 
or jointly by two or more Sections, shoidd be encourag^ 
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The Sectional Presidents concerned shall communicate to the General 
Secretary before the end of July the titles of such discussions, the names 
of the speakers and such further information as may be considered 
necessary. 

The Papers, together with three copies of abstracts, to be read by 
the contributions at a discussion shall be sent to the General Secretary 
on or before the 16th September of the preceding calendar year by the 
Sectional President concerned. 

The materials relating to a discussion, in a form ready for the press, 
shall be communicated to the General Secretary within a month from 
the date on which the discussion takes place; the material not received 
by the General Secretary within this period shall not be published. 

The President and the Recorder of the Section arranging a discussion 
shall carry out the necessary correspondence throughout the year during 
which they hold office. 

(8) Early in November copies of a printed form will be issued to 
Presidents of Sections for circulation to members of the Sectional Com- 
mittees requesting them to nominate a President and a Recorder for the 
ensuing meeting for consideration by the Sectional Committee. Such 
proposals shall be accompanied by a statement of qualifications of the 
nominees for the office and their willingness to accept the same if elected 
thereto. 

During the first week of December, the President of each Section 
shall circulate all such proposals received by him, together with the 
statements of qualifications, to the members of the Sectional Committee 
and request them to nominate by ballot one member for each office from 
among the list circulated, the ballot papers being received by him up to 
the 20th December. 

At the first meeting of the Sectional Committee held on the Opening 
Day, the ballot papers shall be opened and scrutinized as the Chairman 
shall direct and the result communicated to the Executive Committee of 
consideration, together with a complete record of the Proceedings in this 
coimection. 

(9) The duties of the Sectional Correspondent and of the t'cal 
Sectional Secretary are given in Rules 30 and 32 (c). 

(10) All persons entitled to be members of the Sectional Committee 
should enrol themselves without delay as Ordinary Members if not already 
so enrolled and should inform the General Secretary of the payment of 
their subscription when accepting the appointment. 

(11) The General Secretary should be consulted whenever any 
question arises not dealt with in these regulations. 


II. Local Abbangements. 

In accordance with the Rules of the Association, the Local Secretaries 
and the Local Committee shall jointly, on behalf of and in consultation 
with the Executive Committee, make all necessary arrangements for the 
holding of the Session of the Congress. 

The following arrangements have to be made. 


A. Accommodation for the Scientific Meetings^ 

(1) A large hall should be available for {a) the President's address 
on the opening day, and (6) for the evening lectures. Bbth (a) and (6) 
are open to the public free of charge. A projection lantern with an operator 
should be available in this room, and it is a great advantage if loud speakers 
can be installed. 

(2) Rooms for the meetings of the different Sections of the Congress 
should be provided and suitably furnished. An epidiascope with an 
operator should be provided in each sectional room. All the rooms 

5 
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Should as far as possible be in close proximity. The following are the 
sections of the Congress: — 

Mathematics and Statistics, Physics, Chemistry, Geology, Geography 
and Geodesy, Botany, Zoology, Entomology, Anthropology, 
Agricnltnre, Medical and Veterinary Research, Physiology, 
Psychology and Educational Science, and Engineering. 

(3) A Reception room should be provided in which Members can get 
information, write letters, etc. The Local Secretaries’ Office should be 
as near as possible to this room. An arrangement should be made with 
the Postmaster- General to have a temporary Post Office in this room 
and for all letters addressed to members c/o l^e Indian Science Congress 
to be delivered here. The Indian Science Congress Poet Office should 
be situated as near as possible to the Reception room. 

(4) A room near the Reception room should be set apart for the 
General Secretaries* Office, which will be opened therein from the 31st 
December. 

(6) Provision should be made for lunch in European and Indian 
styles at moderate charges near the Reception room. 


B. Accommodation for Visiting Members, 

The Local Secretaries should send out, not later than the Mid of 
November, a printed circular to all Members enrolled, asking them if 
they desire that accommodation should be arranged for them. It is 
desirable, as far as possible, to provide private hospitality for the Presi- 
dent, Sectional Presidents, and Officers of the Congress. In this circular 
information should be given regarding the types of accommodation 
available, with the charges, and the nature of the climate during the 
Session. The Local Secretaries will receive periodically from the General 
Secretary list of Members enrolled at headquarters. 


C. Programme of the Meeting, 

(1) (a) The Sections of the Congress meet daily in the morning 
generally from 9-30 a.m. 

(b) Presidential Addresses of the Sections shall commence from 
9-30 A.M. 

(c) There should be no afternoon Presidential Addresses of the 
Sections. 

(d) Symposia or joint discussions will be held either in the 
morning, or from 2 p.m. 

(2) Public lectures are arranged by the Executive committee, and 
are given at 6 p.m. or 6-30 p.m. 

(3) A printed guide with a map of the locality in which the Congress 
is held should be prepared for distribution to Members on the opening 
day. Only Ordinary, Honorary and Full Session Members are entitled 
to the Guide Book free of cost. A small charge not exceeding Re.l 
(to be fbced by the Local Committee) may be made to other Members 
desiring to have a copy. The Guide Book should contain a summary of 
information concerning the scientific and educational activities and a 
short history of the locality, in addition to general information likely 
to be of use to visitors. 

(4) Arrangements should be made for giving due publicity to the 
activities of the Congress, both before and during the meeting. 

(5) A list of Members with their local addresses where known should 
be printed and distributed on the opening day. A supplementary list 
should be typed and posted in the Reception room and maintained up-to- 
date. The Local Secretaries shall arrange for this. 

(6) A provisional pro^amme of social engagements should bo drawn 
up by tlv^ Local Secretaries and sent to the General Secretary by the 

5B 
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25th NovemlSer. It is essential that this be sent in time, as it has to be 
printed and distributed with the abstracts by the first week in December. 

The General Secretary will make arrcuigements for printing the 
programme drafted as above and distributing these to Members enrolled 
at the time of the distribution of the abstracts. 

The final programme shall be printed locally by the Local Committee 
in time for the opening of the Session. 

D. General. 

(1) Numbered badges for Members of the Congress will be sent by 
the General Secretary to the Local Secretaries for distribution on the 
opening day of the meeting. The badges should bear numbers corres- 
ponding to the enrolment numbers. There should be additional badges 
for Officers, 

(2) Members of the Local Reception Committee who have made 
substantial contributions to the funds of the Local Committee may be 
given complimentary tickets to attend the meetings. 

(3) An audited copy of the accounts of the Local Committee should 
be sent to the General Secretary not later than the 30th April, following 
the Session, for inclusion in the Proceedings of the Session. It is desirable 
that the Local Committee should contribute any surplus to the reserve 
fund of the Association. 

(4) Twelve copies each of all local publications connected with the 
Congress (guide book, final programme, notices, cards, etc.) should be sent 
to the office of the Association for record at the conclusion of the meeting. 

(5) Applications for membership will ordinarily be dealt with by 
the General Secretary at the office of the Association up to the 16th 
December. After that date applications for membership will be forwarded 
to the Local Secretaries, who will open a separate account for the sale of 
membership tickets. The amount tlms realized, together with unsold 
tickets, should bo foi warded to the Gkjneral Secretary immediately after 
the close of the Congress. 

III. Financial, 

(1) The accounts of the Association shall be audited once a year and 
the books closed on the 30th November each year for this purpose. 

(2) The audited accounts shall be placed before the General 
Committee at the Annual Meeting with the observations, if any, of the 
Executive Committee. 

(3) Sanction for all payments for amounts exceeding Rs.lOO shall be 
obtained from the Finance C ommittee which shall consist of the General 
Secretaries, the Treasurer, and one Ordinary or Honorary Member resident 
in Calcutta who shall be nominated by the Executive Committee. 

(4) Amounts received on account of Life Membership Subscription 
shall be credited to the Reserve Fund of the Association. 

IV. Executive Committee — ^Election. 

(1) A letter shall be issued asking for nominations giving a last 
date therefor. 

(2) The proposer should ascertain whether the person he proposes 
is desirous of serving in that particular capacity. 

(3) After the nominations have been received the names should be 

circulated in a ballot paper and the date for return should be fixed two 
weeks after the ballot paper is sent out. ' 

(Adopted the 6th January, 1937, 
Revis^ the 8th January, 1939, the 
6th January, 1940 and 6th January, 
1941.) 
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Presidential Address 


{Delivered on, Jan, 2t 1941) 


Congress President : — Sm ARDBsaiR Dalal, Kt., l.C.S. (Retd.). 
SCIENCE AND INDUSTRY. 

I feel that the authorities of the Indian Science Congress 
Association have made a very bold departure in electing a 
layman to the honour of the Presidentship for the year and, 
deeply conscious as I am of the honour, I confess to a feeling 
of diffidence in occupying a post which has been adorned by 
so many distinguished scientists before me. If my address 
falls short of the standard set by my predecessors, the respon- 
sibility of it should in part be borne by those who have elected 
me. The only reason for their choice, as Tar as I can see, lies 
in the fact that I may lay some claims to be an industrialist. 
So close and intimate is the relationship between science and 
industry and so strongly is that fact being brought home to us 
in these days that the Association felt perhaps that they would 
like to have the views of an industrialist on the relatP't^hip 
of science to industry with particular reference to the practical 
problems which have arisen in India since the beginning of the 
war. A substantial part of the export trade of India has been 
lost since the war. Science can help in the utili- 
Value of zation within the country itself of some of the 
Research in raw materials which used to be exported. Ro- 
Industry. searches are being conducted for instance on the 
use in India for lubrication purposes of some of 
the oil seeds of which the export has dwindled down and the 
surplus of which is likely to create serious economic trouble 
for the cultivator. Even a more acute problem is the stoppage 
of the import of many commodities essential for the economic 
life of the country, such as machinery, chemicals, etc. It is 
imperative that India should make herself self-sufficient with 
regard to such materials as are vital to the maintenance of her 
economic and industrial life so that the situation which had 
arisen during the last war and which has arisen once again may 
never recur. It is here that science can be of the greatest assist- 
ance to industry. Research has been described as the mother 
of industry and while some of the older and more traditional 
industries may have originated without the aid of science, it 

( 3 ) 
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cannot be denied that all industries to-day depend upon science 
and research not only for their progress and improvement but 
also for their survival. Sad experience has proved to us beyond 
all doubt that, under modem conditions, no nation, however 
peacefully inclined, can expect even to live an independent 
existence unless it is highly industrialized. It is the industrial 
potential that is convertible into the war potential* and the 
country that has the highest industrial potential and is prepared 
to convert it in the shortest time into var potential that stands 
the best chance in modem warfare. As we have seen, it is not 
man power that counts in the highly mechanized warfere of the 
present day, but planes, tanks, guns, ships and the factories, 
plants and workshops behind them. The lesson for India is 
plain and she can only neglect it at her peril. It is no longer 
the question of a balanced economy or of mere material 
progress. It is necessary for India’s very existence that she 
should be highly industrialized. 

This lesson was first taught during the last world war. 
Owing to its superior scientific organization and equipment 
Germany was able to withstand the Allies much longer than she 
could otherwise have done. At the beginning of that war, 
England found that she was deficient in many forms of optical 
glasses, dyestuffs, chemicals and other necessities for the conduct 
of modern warfare. She set herself to remedy these drawbacks, 
A very important dye industry was created and the whole of 
the scientific and research talent of the country was organized 
by the creation of the Department of Scientific and Industrial 
Research. It is not necessary for me to enter into the details 
of the organization and working of the D.S.I.R. with which 
many of you must be familiar. An interesting feature of the 
organization, however, to which the attention of the authorities 
in India needs to be drawn is that the administrative organization 
of the D.S.I.R. is entirely composed of technical men, while 
the Advisory CJouncil, which guides and controls its activities, 
is mainly composed of distinguished scientists with the addition 
of two or three well-known industrialists and business men. 
The words of Lord Rutherford to the Twenty-fifth Indian 
Science Congress, though frequently quoted since then, will 
bear repetition as they have an important bearing on the policy 
of the Government of India towards the recently created Board 
of Scientific and Industrial Research. He said: 

*In Great Britain, the responsibility for planning the programmes 
of researoh, even when the cost is borne directly by the Government, 
rests with researoh oounoils or committees who are not themselves State 
servants but distinguished representatives of pure science and industry. 

It is to be hoped that if any comparable organization is developed in India, 
there will be a proper representation of soientiUc men from the univer- 
sities anfi corresponding institutions and also of the industries directly 
concerned. It is of the highest importance that the detculed planning 
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of research should be left entirely in the hands of those who liave the 
requisite specialized knowledge of the problems which require attack. 
In the British organizations there is no political atmosphere, but of 
course the responsibility for allocating the necessary funds ultimately 
rests with the Gk>vemment.* 

There has been a tendency in the past in India for scientific 
and research work to be monopolized by Government Depart- 
ments and although valuable results have been obtained, e.g., 
by the Survey of India, the Geological Survey, the Botanical 
Survey and in the investigation of tropical di^ases, it is very 
necessary that organized industrial research should as far as 
possible be left to scientists and industrialists although of 
course Government has to see that the grants it makes are 
properly utilized. 

Industrial research was organized on a country-wide basis 
in America as well as in several coimtries of the British Empire 
following the lessons of the last war. In India also 
Board of the war revealed the helplessness of the country. 
Mdl^dus- transport service was disorganized owing to 

trial Re- " railway material ; supplies of dyes, important 

search. chemicals and many important medicines were 
almost completely stopped and prices of textiles 
shot up so high as to bo beyond the means of poor people. 
In 1916 the Government of India addressed the Secretary of 
State as follows: — 

‘After the war India will consider herself entitled to demand the 
utmost help which the Government can afford to enable her to .ake a 
place, so far as circumstances permit, as a manufacturing country.* 

This policy was accepted by the Secretary of State and the 
Indian Industrial Commission, under the Chairmanship of Sir 
Thomas Holland, was set up as a result. Unfortunately, 
however, the impetus to industrialization provided by the war 
died down after a few years and many of the industries which 
were started during the war languished and died. The gathering 
storm clouds of a new world war drew the attention of Indian 
scientists to the imorganized state of scientific and industrial 
research in India and repeated appeals were made for the 
constitution of a body on the model of the D.S.I.R. The urgent 
need for the appointment of such a body was voiced by Professor 
J. C. Ghosh in his presidential address to the Association at 
Lahore in 1939 and was reiterated in a resolution of this body 
last year at Madras. The same point was made by Colonel 
Chopra in his presidential address to the National Institute of 
Sciences in Madras last year and by Sir M. Visvesvaraya in an 
address to the Indian Institute of Science, Bangalore. We, 
therefore, cordially welcome the recent appointment of the 
Board of Scientific and Industrial Research by the Government 
of India m response to the demand of scientists throughout the 
country. Our thanks are due to the present Commerce Member, 
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Sir Ramaswami Mudaliar, who lost very little time in appre- 
ciating the urgency of the constitution of such a body under the 
conditions created by the war. 

I am a member of the Board and keenly interested in its 
success. Any observations which I may make upon it are made 
in a purely constructive spirit with the object of enhancing its 
utility to the country. In the first place then, I may be per- 
mitted to say that although the beginning of the Board, like 
most beginniags, may be small, its conception must be large 
and liberal. It must not, in its composition or working, bear 
the appearance of a mere ad hoc body created to meet the im- 
mediate exigencies of the war. The demands of the war are 
no doubt urgent and must have priority over other demands, 
but the Board should function as a body charged with the 
organization and promotion of industrial research throughout 
the country, and co-ordinate the immediate needs of the war 
with the long range policy of the industrial development of the 
country as a whole. While concentrating on what is immediately 
required to meet war needs, it must also be in a position to 
survey the long term industrial requirements of the coimtry 
and to plan a programme of research to meet them. Perhaps 
after the urgent demands of the war are over, its composition 
can be enlarged and made more representative of the Univer- 
sities, Government scientific services, the non-official scientific 
bodies and the industrialists of India so as to enable it to pursue 
its ultimate plan and policy. 

No institution, however well conceived and designed, can 
flourish except in suitable political atmosphere and conditions. 
It was the unfortunate experience of the last war that industries 
created under the stress of the war languished and died in the 
post-war period for want of encouragement and protection from 
Government. The activities of the Board will not lead to the 
creation of new industries unless industrialists are assured of 
reasonable protection from Government in the post-war period, 
when foreign competition will be keen. 

I have already quoted the words of Lord Rutherford as a 
warning against excessive Government control. The progress 
hitherto made by the Board is not as rapid as we would have 
wished in war time. This is partly due to the constitution of 
the Board under which executive authority is concentrated in a 
central department of Government and partly to the inadequate 
staff provided for the very urgent and important work that 
has to be done. There is one other aspect on which I desire 
to touch and that is the financial. Even for a beginning, a 
grant of Rupees five lakhs is inadequate and shows to my mind 
an inadequate conception of the magnitude of the tasks involved. 
Associated with the Department of Scientific and Industrial 
Research in Great Britain are the great National Physical 
Laboratory at Teddington and important Boards, such as the 
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Fuel Research Board, the Food Investigation Board, the Forest 
Products and Building Research Institutes and a number of 
similar bodies as well as Research Associations. While we must 
necessarily make a very modest beginning, the development of 
the Alipore Test House into a National Physical and Chemical 
Laboratory seems to be obviously and urgently required. In a 
subsequent part of this address I shall dwell upon the necessities 
of a I^el Research Board to investigate the very pressing prob- 
lems of fuel and power, upon which the whole industrial struc- 
ture of the country has to be based. All this work will require 
large funds but I have not the slighest doubt that the money so 
spent will be repaid manifold. It has been estimated that the 
annual expenditure on research in Great Britain in normal times 
before the war was roughly six million pounds, of which one-half 
was spent on research directed to industrial needs, including 
the money spent by Government, University Departments and 
private fens. The figure for the U.S.A. is estimated to be 
300 million dollars, while the corresponding figure of the U.S.S.R. 
is reported to be of the nature of 120 billion roubles. With 
the exception of the U.S.A. and the U.S.8.R., there is no 
country in the world with natural resources so vast and varied 
as India. With the expenditure of even a fraction of the amount 
spent by the countries just mentioned on industrial research, 
these resources can be investigated and developed so as to place 
India in the front rank of the industrial countries of the world. 


The Steel Industry in India. 

I propose now in the second part of my addjess to speak 
to you on some developments in the steel industry in India during 
the last ten years ; but before doing so I should like to make a 
few remarks on the raw materials which are commonly used in 
the manufacture of iron, namely, iron ore, coal and limestone, 
and particularly coal, which is the most important of our raw 
materials and of the most general interest. 

So far as iron ore is concerned, India is one of the richest 
(ountries in the world, being endowed by nature with very 
Iron ore extensive deposits of very rich ore . The Singhbhum- 

Orissa field is the most extensive in India. The 
tonnage of this field has been estimated by Mr. H. C. Jones of 
the Geological Survey, at 3,000 millions, and, if anything, it is 
probably an underestimate. Practically the whole of this ore 
is hematite, with an iron content of sixty to sixty-nine per cent. 

While the position regarding iron ore is highly satisfactory, 
that regarding coal, particularly the coal required for the smelting 
Coal from satisfactory. Dr. Fox 

has estimated the resources of Indian coal over 
four feet ni thickness up to 2,000 feet in depth and twenty per cent 
in ash at 24,000 million tons, of which coal of good quality up to 



8 


Proc, 28th 1.8,C. : Part II : Presidential Addresses. (6) 


18% ash is 6,000 million tons, while oolmg coal suitable 
for metallurgical purposes is only 1,400 million tons. Coking 
coal in TnHin. is con^^ to the Gondwana coal beds of the Damo- 
dar Basin. On the existing methods of working coal the 
total life of the coking coals of India is estimated at about fifty 
years. This is a position which neither the Government nor those 
interested in the metallurgical industry can view with equanimity. 
The most recent Committee appointed by the Government of India 
to investigate the position and suggest remedies was the Burrows 
Committee of 1937. The terms of reference to that Committee 
were unfortunately not comprehensive enough and the legisla- 
tive measures taken by Government as a result of the recom- 
mendations of the Committee are mainly confined to the ensuring 
of safety in Mines. The problem of Indian coking coals is, 
however, one of conservation as well as of safety and if proper 
attention is paid to conservation, the problem of safety ^1 
more or less automatically be solved. Legislation in the interest 
of safety which places additional burins on the industry 
without assisting it to dispose of its production in a more scientific 
manner, is likely to worsen the situation by hastening the 
uneconomic exploitation of the good coals by the smaller colliery 
owners. What is required is the rationalization of production 
as well as of consumption. In order to achieve the rationaliza- 
tion of consumption, a thorough chemical and physical survey 
of the coalfields beginning with the Jheria coalfield, in conjunc- 
tion with a scheme of coal utilization research is absolutely 
necessary. For that purpose it is necessary to 
Research * 'Fuel Research Board as a branch of the 

Board. Board of Scientific and Industrial Research with 
a proper personnel, adequate staff and funds. 
Power is a sine qua non of the development of all indus- 
tries and the proper conservation and utilization of the coal 
resources of the country is the first question that requires to be 
tackled in any consideration of the power resources of the 
country. The geological survey of the various coalfields has been 
excellently and exhaustively carried out at great expense to 
Grovemmont and it is high time that a scientific, chemical and 
physical survey were also carried out. Such a survey has been 
instituted in Great Britain and has resulted in a mass of most 
valuable information regarding British coals which has in many 
instances completely altered the attitude of the industry to many 
varieties of coal and enabled a more efficient use to be made of 
them. 

On the production side the most impoitant problem is that 
of the co-ordSnated sequence of working the coal seams. Perhaps 
the worst feature of the working of Indian collieries is the exploi- 
tation of the richer coal from the lower seams for immediate 
profit and the neglect of the upper seams resulting in subsi- 
dences, fires and destruction of valuable coals. The co-ordinated 
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sequence of working will prevent this destruction of top seams 
and will eliminate to a large extent the necessity of stowing 
altogether. No. 16 seam in the Jheria coalfield is a case in point. 
This coal has good coking properties but because of its hi^ ash 
content and doubtful swellmg tendencies it has been compara- 
tively unexploited, either as a steam or coking coal. 

The washing of coals is another question affecting produc- 
tion. In many cases the ash in the Jheria coals is inherent or 
when present in a free condition is of about the same specific 
gravity as the coal itself, thus making the separation impossible 
or diflBlcult, but it has been proved that in certain of our high 
ash seams the ash content can be reduced by liquid flotation. 
11 and 16 seams Jheria come into this category and further 
research is necessary to determine whether it is economically 
feasiWe to wash these coals with a view to reduce their ash 
content. 

On the consumption side, the chemical and physical survey 
into our coal seams in conjunction with coal utilization research 
will in the first place enable us to determine the range and variety 
of coals suitable for coking as well as boiler purposes. Research 
is necessary in order to ascertain whether with proper blending 
and mixing the demands of the metallurgical industry need be 
confined to the very limited Jheria field. Several experiments 
have been carried out in the past, but further systematic research 
by the Board suggested above into blending with high ash 
coking coals, with swelling coking coals and with non-ccking 
coals may result m the conservation of good coals and an exten- 
sion of the range of coals available for metallurgical purposes. 

Similar research is also required in the case of power coals. 
A certain amoimt of information is already available but is 
mainly confined to the mixing of the high volatile coal in the 
Raneegunge field with the low volatile coal in the Jheria field 
for the export market and bunkering only. These low volatile 
coals from the Jheria are good metallurgical coals and research 
will doubtless produce suitable blends for export and power 
requirements without encroachment on these valuable low 
volatile coking coals. 

The 'utilization of high ash coals for electrical generation 
at the sources of production and the distribution of the energy 
thus supplied over large areas is another problem of the first 
magnitude. The erection of a large power station on the coal- 
fields for the distribution of cheap pover to surrounding areas 
has already been advocated from many sources and has engaged 
the attention of the Government of Bihar. Further investiga- 
tion of the suitability of the coal for such a purpose will help 
greatly towards the fulfilment of this very desirable project 
and should form one of the first objects of enquiry by tbe 
proposed Board. 



10 Proc. 28th LS.C. : Part II : Presideniial Addresses. (8) 


Low temperature carbonization tests with various classes 
of coal, particularly of high ash, which are unsuitable for 
metallurgical purposes and also unsuitable on account of high ash 
content for transport to distant areas for power purposes, should 
provide another field for the activities of the Board. A number 
of scientists from the platform of this Congress as well as outside 
have advocated the cheap production of domestic coke on a mass 
scale and the utilization of the resultant tar for industrial 
purposes. The present very small production of soft coke is 
capable of veiy great extension if a market can be found for the 
coke as well as the resultant tar, even if the gases are ignored 
for the present. The economic difficulties in the way of such a 
proposal need not be minimized but practical experiments have 
already been carried out at Patna under the auspices of the 
Bihar Government and these would seem to indicate that 
further research may prove successful. Should this prove to 
be the case, there would be an adequate supply of raw material 
for the foundation of hydrogenation plants. This may be 
regarded as a distant aim as such plants have not proved too 
successful in other countries, but with the cheap Indian coals 
and the large quantities of tars which would be available from 
their low temperature carbonization success may be easier of 
attainment in India than in other countries. 

The Board should also investigate the question of the 
scientific preparation of coal for the market and buying and 
selling on specification. This would mean the complete aban- 
donment of the existing unscientific system of grading. The 
seams which were originally graded, have become exhausted 
or are nearing exhaustion or have deteriorated to such an 
extent that the classification is in many cases no longer appli- 
cable. The disposal of the metalliferous production of the 
country has long been established on the international basis of 
scientific specification and it would be equitable to both buyer 
and seller alike to establish the buying and selling of coal and 
coke on a similar basis. 

If my proposal for the establishment of a Fuel Research 
Board is approved, I would suggest that as the Jheria coalfield 
is practically the sole source of our coking coals and is also 
the (ientre of the Indian School of Mines, the headquarters of 
the Board should be situated at Dhanbad and the School of 
Mines and its laboratories which should be adequately equipped 
for the purpose, should be utilized for the investigations of the 
Board. 


The Tata Iron and Steel Company* 

Progress in the last decade. 

The last decade has seen a great expansion of the Steel 
Industry in India, accompanied by improvement in the various 
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processes and the application of scientific methods of control. 
You will forgive me if I confine my remarks to the works of 
the Tata Iron and Steel Company alone, as the steel-making 
plant at Bhadravati in the Mysore State was put up in 1936 
and has an annual capacity of about 20,000 tons only, while 
the plant of the Steel Corporation of Bengal with an estimated 
capacity of two himdred to two hundred and fifty thousand 
tons of finished steel, has begun operation very recently. In 
terms of tonnage, the progress can be measured by the fact 
that while the Tata Iron and Steel Company produced 422,000 
tons of finished steel in 1929-30, the corresponding production 
in 1939-40 was 777,000 tons. Ten years ago only thirty per 
cent of the demand of the country for steel was met by the 
indigenous industry, whereas in 1939-40 about eighty-four per 
cent of the demand was so met and the day is not distant when 
India will be able to supply not only the whole demand of the 
country except in a few very specialized directions but also to 
spare some steel for export. 

Following the sequence of the manufacturing processes of 
steel, I begin with the coke ovens, where the coal is converted 
into coke. Ten years ago we had three batteries 
Coke ovens, of Wilputte Coke Ovens and two batteries of the 
still older Koppers Coke Ovens which together 
produced 720,000 tons of coke, 22,300 tons of tar and 6,600 
tons of ammonium sulphate. By 1940 all except one of the 
Wilputte batteries were replaced by three modem batteries of 
Simon-Carves Coke Ovens containing 64 to 66 ovens in jach 
battery at a cost of Rupees one crore and sixty -five lakhs. These 
batteries are of the twinflue ‘XJnderjet* type capable of car- 
bonizing 1,300 to 1,500 tons of coal each per working day. 
Arrangements have been provided for firing the ovens with coke 
oven gas or with the cheaper blast furnace cleaned gas. Firing 
the coke ovens with blast furnace gas releases the more valuable 
coke oven gas for use in steel making furnaces in other parts of 
the plant. The twinflue construction assures a more uniform 
heating throughout the length and height of the oven with a 
resulting imiformity of the coke produced. As stated in the 
preceding part of the address, all coals do not give good coke and 
careful investigations have to be carried out in the blending 
and mixing of different varieties of coal. To this end three 
large slot bunkers of the capacity of 2,000 tons each have 
been installed. C5oal wagons, as they arrive from the collieries, 
are taken over to the selected bunkers and unloaded. The 
coal is then mixed mechanically in the required proportions from 
the three bunkers and suitable mixed coal is conveyed by 
mechanical conveyors to the ovens into which it is charged. 

The three principal by-products of the coke ovens are coke 
oven gas, ammonia which is turned into anoimonium sulphate 
and tar. The sulphuric acid for the manufacture of the 
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ammonium sulphate is made in a recently installed contact 
process plant producing fifty tons of 100% acid per day. 

So far the manufacture of benzol as a by-product of the coke 
ovens has only been attempted on a very small scale in India. 
A plant is now nearing completion at Jamshedpur for the 
manufacture of benzol and toluole for the Government of 
India. When it comes into operation, it will be of great assistance 
in the manufacture of high explosives for the ordnance factories. 
The plant is designed for extracting benzol motor spirit and 
toluole and is being installed by Messrs. Simon-Carves. 

The next stage in the manufacturing process is the blast 
furnace for the production of pig iron. Ten years ago, 
Blast Fur- J^^shedpur had four blast furnaces; two of the 

naces. " capacity of 900 tons, one of 760 tons and one of 

2W tons per day. The small blast furnace was 
completely rebuilt in 1936 and its capacity was increased to 660 
tons. An entirely modem blast furnace was installed last year. 
The diameter of its hearth is 22 feet 6 inches, of the bosh 
26 feet 6 inches and of the top 19 feet. Its height is 96 feet 
and volume 36,160 cubic feet. For the one year that this fur- 
nace has been in operation it is estimated to have produced more 
iron than has ever been produced elsewhere on a furnace of 
similar size over a similar period. The total pig iron capacity of 
the Jamshedpur plant is a million and a quarter tons per annum. 

For every ton of iron made, a blast furnace produces 
roughly 100,000 cubic feet of gas. This blast furnace gas 
contains about 14 ^ains of dust per cubic foot of gas at N.T.P. 
This gas has considerable fuel value, but owing to its dirty 
condition its use in industrial plants, such as blast furnace 
stoves and boilers is restricted. It has been realized that 
considerable fuel economy can be effected if this gas is cleaned. 
In the last ten years the Steel Company has installed two large 
gas cleaning plants, each with a capacity of fourteen million 
cubic feet of blast furnace gas at N.T.P. per hour. Both the 
plants clean the gas to a purity of 0*008 grains of solids per cubic 
foot of gas at N.T.P. The older of these two plants is the 
Lodge Cottrell plant of the dry type which came into operation 
in 1934. The second gas cleaning plant is of the Brassert 
design. This plant consists of wooden-hurdle wet washers 
which not only cool the dirty blast furnace gas but also remove 
about eighty per cent of the solids from the gas. This semi- 
cleaned gas is then passed through the Cottrell wet electric 
precipitators which precipitate the rest of the solids and deliver 
clean gas to specification. 

The old concepts of fuel economy and energy distribution 
have been completely revolutionized by the modern scientific 
Fuel Bco- ^ oven and blast furnace gases. Fuel 

nomy. " e<^omy and distribution of energy in a large 
plant like that of the Tata Iron and Steel Com- 



g ^ DALAL ScienLG ind Ind i''tr\ 




Ncu Power PHnt 


( 11 ) 


Congress President's Address. 


13 


pany is a highly specialized job, which is in charge of a special 
department of the plant, designated the Energy and Economy 
Department. The efforts of this department have succeeded 
in reducing the overall fuel rate from 3*66 tons of coal per ton 
of steel in 1930-31 to 2*19 tons in 1939-40. Modem practice 
aims at reducing the use of coal as fuel and replacing it by the 
more efficient by-product fuels, such as coke oven gas, blast 
furnace gas, coke dust, etc. The use of mixed gases in this 
connection requires special mention. 

The cleaning of the blast furnace gas permits of its use in 
coke ovens and releases a corresponding amount of the richer 
coke oven gas for use elsewhere at the plant. Blast furnace 
gas has a comparatively low heating value of about 110 B.T.XJ. 
per cubic foot of gas, while coke oven gas has a value of about 
470 B.T.XJ. per cubic foot. Modem practice tends to a greater 
use of coke oven gas or a mixture of coke oven and cleaned blast 
furnace gas in steel making and re -heating furnaces, replacing 
to that extent coal which has been used so far in the form of 
producer gas. Fuel costs are thus greatly reduced. For the 
successful use of the gases it is necessary to have steady 
I)ressure of gas at the consuming ends. For that purpose two 
large dry gas holders for the storage of blast furnace and coke 
oven gas respectively have recently been installed. These gas 
holders act as reservoirs which smooth out the fluctuations of the 
gas caused by the furnace irregularities and thus assure conti- 
nuous ox)eration of boilers, coke ovens and other consuming 
centres. The blast furnace gas holder is a huge stmcture 283 
feet high, 176 feet in diameter, capable of holding million 
cubic feet of gas at N.T.P. The coke oven gas holder is 192 
feet high, 112 feet in diameter and holds IJ million cubic feet of 
coke oven gas. 

Steel- The last ten years have also seen important 

making developments in steel-making practice and a 
Practice, considerable increase in production. 

Steel-making operations at Jamshedpur are carried out 
in two types of plants, the Open Hearth and the Duplex. The 
Open Hearth is the oldest part of the Jamshedpur plant. Four 
out of the seven furnaces which we were working ten years ago, 
have been remodelled along modem lines and an eighth furnace 
has been built. The ingot production from this plant has been 
increased during the last ten years by over 100,000 tons per 
year, the flgure for 1929-30 being 242,000 tons as compared with 
346,000 tons in 1939-40. The Duplex steel-making process, 
as its name implies, consists of two operations, {a) blowing the 
molten pig iron in acid lined Bessemer converters to remove 
the silicon and man^nese and most of the carbon, and (6) 
transferring the blown metal to basic-lined Open Hearth tilting 
furnaces where the phosphorus is removed and the steel finished 
to chemical specification. Improvements to this plant during 
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tbe last ten years have resulted in increase of prodnction from 
340,000 tons in 1929-30 to 670,000 tons in 1939-40. In addition 
to these two steel-making plants a four-ton electric furnace was 
installed in 1936 xuainly for the manu&cture of electric castings, 
while two five-ton electric furnaces have only recently been 
installed and are being utilized for the manufacture of class 
steel, spring steel and alloy steel. The installation of these 
electric furnaces has been of the greatest assistance in the 
making of superior quality alloy steel required by the Defence 
Department. 

The most important advance made during the last decade, 
from the point of view of scientific research, is the practical 
development of the rapid dephosphorizing process. 
As this matter has never been the subject of 
ma^g public discussion in India so far, a few details 

Process. will not be out of place here. As is well known, 

Indian pig iron contains about *3 to *4% 
phosphorus. This percentage of phosphorus in the iron neither 
londs itself to the straight basic Bessemer process nor to the 
straight acid Bessemer process. The phosphorus has to be 
removed to *05% for most commercial specifications though 
as much as *10% is admissible in certain products. The 
removal of this phosphorus is normally effected by the action 
of basic and oxidizing slags in Open Hearth furnaces. At 
the best of times this is a slow operation taking from one to 
several hours even in the quick working Open Hearth furnaces 
of our Duplex plant. In 1936, when our General Managei, 
Mr. Ghandy, and myself were on leave in Europe, our attention 
was drawn to certain developments in France, where a French 
Steel Engineer, M. Perrin, had carried out successful experiments 
in the rapid deoxidation of steel by violent mixing together of 
slag and steel so as to obtain a considerably greater area of 
contact between them than could ever be obtained in the con- 


ventional Open Hearth furnaces. This idea of the violent 
mixing of slag and steel was also considered applicable to the 
dephosphorizing operation. "After a study of the French ex- 
periments, large-scale investigation over a long period was 
carried out at Jamshedpur and ultimately a practical method 
was evolved for operatmg the dephosphorizing process on a 
commercial scale imder Ladian conditions. This new process 
consists in blowing molten pig iron in an acid Bessemer converter 
to remove all the silicon and manganese and as much of the 
carbon as required. This blown metal is then poured from a 
considerable height into a synthetic molten basic oxidizing 
slag contained in a ladle. The metal comes into very intimate 
contact with the slag and the phosphorus is rapidly removed in 
the course of two or three minutes, instead of as many horn's, 
in the normal open hearth process. As the steel and slag 
separate, the steel is finished to analysis and cast into ingots. 
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The process is subject to exact control and steel of basic Bessemer 
quality can be made directly from the pig iron. Moreover, the 
dephosphorized metal can be further treated in an Acid Open 
Hearth furnace and steel of first class open hearth quahty can 
be made. Thus for the first time in India it becomes possible 
to make acid steel out of Indian basic pig iron. A plant for the 
manufacture of steel by this process is now under construction. 
The successful development of this process may be regarded as 
the most important advance in steel making practice that the 
young Indian steel industry has made. It is likely to have far- 
reaching effects on the establishment of several new industries 
in India, such as locomotive manufacture and the manufacture of 
railway wheels, tyres and axles, for which acid steel is specified. 

In the manufacture of rails, advance has been made as a 
result of metallurgical research during the last ten years. In- 
Ralls vestigations have shown that medium manganese rails 

with a lower carbon and higher manganese content of 
1*10 to 1*40% have superior properties of wear and resistance as 
compared to straight carbon rails with higher carbon and lower 
manganese content. There is a growing tendency to replace 
straight carbon rails with medium manganese rads. On the 
other hand, high chromium rails were found unsatisfactory. 

An interesting advance has been the installation of Sandberg 
Ovens for the Sandberg controlled cooling process for rails. 
All over the world the controlled cooling of rails has come to be 
looked upon as a definite and desirable advance on the old practice 
of cooling rails on open hot-beds. The Tata Iron and Steel 
Company have obtained exclusive rights in India for the working 
of the Sandberg process. They have installed four Sandberg 
Ovens for the controlled cooling of their rails. Experiments 
are also being conducted in the welding of rails in the track. 
This aims at giving longer lengths in the track between joints 
and helps to provide a smoother ride. 

In the Plato Mill, the most interesting development in the 
last decade is the installation of a modem normalizing furnace 
Plates plates. This furnace was first installed to 

nori^ize some of the high tensile steel plates for 
the new Howrah Bridge. By the aid of this furnace it is now 
possible to produce in India normalized plates which had formerly 
to be imported. The furnace is also used to normalize certain 
structural sections. Thus materials with a new range of physical 
properties have been made available to the designing engineers. 
It is worth noting that Indian plates have largely replaced foreign 
plates even for the most exacting demands, such as for barges 
and ships. 

Ten years ago, the Sheet Mill at Jamshedpur consisted of 
five hand-operat^ units and the total annual production was 
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38,000 tons. The rolling of sheets was an extremely strenuous 
manual operation calling for considerable physical 
Sheets. exertion. Production was low, defects and rejec- 
tions were high. To-day we have only four hand-operated 
mills and three mechanized units with an output of 170,000 
tons. These new mechanized units have produced tonnages 
which, as far as can be ascertained, constitute a world record 
for this type of equipment. Besides the ordinary quality 
mild steel sheets, the Jamshedpur plant now turns out different 
classes of sheets with a high grade finish, including ‘ Tiscor ’ and 
high carbon sheets. Panel plates for coach building are supplied 
to the Railways and the various engineering firms. Other 
special developments in sheet manufacture are the rolling of 
drum stock for the manufacture of drums and containers, 
enamelling stock for deep-drawing and subsequent enamelling, 
furniture stock and, lastly, special sheets for steel helmets for 
the army. 

It is owing to applied research that most of the significant 
advances in the steel industry at Jamshedpur during the last 
decade have been made possible. I have already 
^eels^^ mentioned the case of the rapid dephosphorizing 
steel. The development of low-aUoy steels is 
another very important instance. Engineers in general and 
transportation engineers in particular are beginning to realize 
that ordinary carbon steel performs its functions only at the 
expense of unnecessary dead weight and excessive loss due to 
its low resistance to corrosion and abrasion. The problem of 
providing suitable materials for lighter weight is not one relating 
to mechanical strength alone. It requires the integration of 
several properties in one material, such as strength, resistance 
to impact, corrosion and abrasion, ease of forming, satisfactory 
welding, etc., as well as moderate cost. With this end in view, 
metallurgical research was conducted at Jamshedpur, resulting 
in the development and commercial manufacture of a low alloy, 
high-tensile steel containing copper and chromium known as 
‘Tiscrom*. This steel is being employed in the construction 
of the new Howrah Bridge. 

The introduction to India of another low-alloy high-tensile 
steel, sold in America under the trade name ‘Corten’ d^rves 
mention. Research conducted in America had shown that the 
addition of a high percentage of silicon and phosphorus to alloy 
steel, containing chromium and copper, resulted in a low-alloy 
high-tensile steel of the same properties as those of Tisorom 
but with the additional important property that it could be 
readily welded by all methods of rapid welding such as oxy- 
acetylene and automatic electric welding. Aiter an investiga- 
tion into the possibilities of the manufacture of this steel in 
India and an examination of the claims put forward for it, the 
Tata Iron* and Steel Company obtained exclusive rights for 
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the mantdSekcture aitd marketing of this steel in India under 
the trade name of ‘Tiscor*. 

Reference has already been made to the installation of the 
electric furnaces. Among the special qualities of iron and steel 
manufactured from these furnaces are chrome- 
Steels manganese steel for crane track wheels, thirteen 
per cent manganese steel for crusher jaws and 
similar hard wearing parts of machinery, nickel-chrome heat- 
resisting steel and cast iron for various castings required to 
withstand high temperatures and nickel-chrome-molybdenum 
steel for crane pinions, mill rolls, etc. The manufacture at 
Jamshedpur of special alloy steel rolls has enabled the Steel 
CJompany to replace similar rolls of foreign manufacture. 

Since the outbreak of the war, intensive research work 
has been undertaken for Government in connection with the 
manufacture of armoured vehicles in India, and as a result a 
bullet-proof armour plate of special alloy steel which has stood 
the firing tests and has been accepted by Government, has been 
developed. Suitable steels for the manufia-cture of armour 
jiierciiig shot and for steel helmets have also been produced. 
Research work was undertaken at the instance of Government 
in regard to the supply of steel suitable for telegraph wires. 
This steel has now been successfully manufactured and the wire 
roiled at the works of the Indian Steel and Wire Products out 
of this material has met with the approval of the Department 
of Posts and Telegraphs. 

Researches are being carried out on behalf of the Defence 
Department in connection with the welding of chrome- 
molybdenum steel plates for aircraft manufacture and in other 
directions. 

Most of the high speed steel requirements of the plant for 
machine tools are now being met by the remelting of tool scrap 
in the high frequency induction furnace in our laboratories. 
High chrome and stainless steels have been produced in the 
furnace in small quantities. 

Besides metallurgical research, fuel research, chemical 
research and research in refractories are being pursued. Re- 
searches of the fuel department in blending and mixing have 
resulted in the determination of the most suitable varieties of 
coals for coking and similar purposes. Research on refractories 
has enabled us to evolve a better class of refractories for the 
use of the steel plant. Indian raw magnesite was at one time 
considered unsuitable for use in basic steel furnaces. Investi- 


gations carried out at Jamshedpur have now madb it possible 
to pioduce in India the Steel Company’s entire requirements 
of finished magnesite. Metal-cased magnesite bricks made at 
Jamshedpur have given very encouraging results for the super- 
structure of bisic fiirnaces. Chrome magnesite brick for use 
above the slag line in basic Open Hearth furnaces in place of 
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silica brick is another important development in the refractory 
field. Other interesting developments in brick manufacture 
are investigations into the possibilities of the manufacture of 
forsteiite, semisilica, micaschist and mullite bricks. An 
entirely new process has been developed for the manufacture 
of mullite refmctories using cyanite, silimanite and andalusite, 
India having practically a monopoly of the first two. Very 
productive work has also been accomplished with regard to 
high-temperature mortars. Superior types of mortars for high 
temperature work are now being locally made, replacing many 
of the imported brands. 

To facilitate research work, a modem well-equipped labora- 
tory was erected in 1937 at a cost of over Rupees ten lakhs. 

May I express the hope that with the facilities for 
A nucleus metallurgical research provided by this labora- 
for a Na- tory and its workers, Jamshedpur may in the near 
tional Me- future become the centre of a National Metallur- 
tallurgical gjcal Laboratory and Research Institute and 
a ora ory. enabled to play a greater and worthier 

part in the development of the metallurgical 
industry in India. 

When the titanic conflict now being waged ends, as end it 
must, in the triumph of the democracies and the cause of human 
freedom, I pray that India may emerge from it with the founda- 
tions of its industrial as well as political freedom well and truly 
laid, so that she may be properly equipped to play her rightful 
part in peace and in war as a worthy meml^r of this great 
commonwealth of nations. 





SECTION OF MATHEMATICS AND 
STATISTICS 

President M. Raztoddin Siddiqi, Ph.D., F.N.I. 

Presidential Address 

(Delivered on Jan , 5, J941 ) 

FUNCTIONAL ANALYSIS AND MATHEMATICAL PHYSICS 
1. Introduction. 

During the last 150 years mathematics has not only made 
an immense advance in the directions already indicated by 
Descartes, Newton, Leibnitz, Euler and Lagrange, but entirely 
new branches have been created, such as projective geometry 
and functions of complex variables in the pure, and mathematical 
physics in the applied domains. This development in mathe- 
matics has often gone hand in hand with the progress of the 
natural sciences. New methods of attack have been developed 
in order to solve the problems set by these sciences. The 
most famous example of this kind is the Fourier analysis 
developed in connection with the theory of Heat conduction. 
The recent development in the theories of integral and integro- 
differential equations owes its origin mainly to the occurrence 
of such equations in mathematical physics. 

At times, however, the trend of events has been in the 
opposite direction. Many subjects in mathematics were 
developed purely for their own sake by the generalization of 
previous concepts. At the time of their creation they were 
considered to be so abstract as to be of no earthly use for any 
applications. But as our knowledge of the world advances, 
even the most abstract branches of mathematics are being found 
to be required for the explanation of the processes of nature. 
We have gradually seen" the functions of complex variables, 
functions of an infinite number of variables, tensors, quaternions, 
matrices and groups become powerful tools in the hands of the 
physicist. 

Mathematics is thus becoming more and more indisx)on&able 
for all other branches of knowledge. The formulation of all the 
fundamental laws of nature requires its use. Dirac has recently 
pointed out that * Mathematics is the tool specially suited for 
dealing with abstract concepts of any kind, and there is no 
limit to its power in this field. For this reason a book on the 

( 19 ) 
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new physics, if not purely descriptive of experimental work 
must be essentially mathematical. * 

Another characteristic development of modem times is- the 
rise of the deductive method in applied mathematics. Instead of 
advancing from particular cases to the general, as done in the 
inductive or historical method which prevailed up to the 19th 
century, mathematicians now sought for the most general and 
comprehensive law from which particular consequences could 
be deduced as necessity arose. Thus, to give one or two well* 
known instances, in mechanics instead of starting with Newton’s 
laws and then generalizing them to Lagrange’s and Hamilton’s 
equations, mathematicians began to write down Hamilton’s 
Variation Principle at the head of mechanics, and deduced all 
other results from it. Similarly, instead of building up electro- 
dmamics inductively with the help of Coulomb’s, Gauss’s, 
Ohm’s, Joule’s, Ampere’s and Faraday’s laws, it was realized 
that the theory could be more effectively and logically constructed 
by assuming simply Poynting’s law together with the principle 
of conservation of energy. 

These attempts at the unification of various theories and 
various branches of knowledge demand the creation of very 
powerful tools of mathematical analysis. Such tools have been 
created and developed since the beginning of the present century, 
and it is of these that I would like to speak in this address. 


2. The integbal equation. 


Gauss* was the first mathematician to be led to an integral 
equation through a boundary-value problem in potential theory. 
Later in 1823, Abel ^ was led to the equation : 


I. 


'\/s^t 


dt. 


/( 0 )= 0 , 


by a consideration of the following problem in Mechanics : 

‘ To determine a curve in a vertical plane such that a heavy 
particle starting from rest and restricted to move on the curve, 
shall arrive at the lowest point 0 in a time which shall be a given 
function /(a) of the initial height s above the point 0.’ With 
the help of Fourier’s theorem, Abel showed that the solution of 
the integral equation (I) is given by 



\/ i 


* 1^» Hilbert: Gnindzttge einer. allg. Theorie der Integralgleichuniren, 
Leipzig, p.l, 1912. 
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Independently of Abel, Liouville * was led to the integral 
equation (I) while studying an extensive class of geometrical and 
physical questions. One of his problems was as follows: ‘An 
indefinite straight line Y has a uniform distribution of mass 
symmetrical with respect to the a:-axis. It is attracted by the 
point A situated on this axis at a distance x. The attraction on 
each point oT Y depends on its distance from A, but the law of 
attraction is not known. The total attraction being given, 
determine the attraction J’(r) of the point A on the point M 
at a distance r from A \ 

The considerations of Abel and Liouville gave rise to a vast 
number of inversion formulae for definite integrals. The integral 
equation which we now call of the second kind came up gradually 
in the course of the 19th century. Its first occurrence can be 
traced to Liouville (1837). A. Beer 3 found it again in 1856 
in connection with a boimdary-value problem of the potential 
theory. These were, however, integral equations with special 
kernels. It was Paul du Bois-Raymond ^ who, in 1887, first 
drew attention to the general equation: 

IL <^(a)4-f K(8,t)i>(t)dt=f(s). 

^ a 


Incidentally, it was du Bois-Raymond who suggested the name 
'Integral Equation’ which was later adopted by David Hilbert. 
Before this the problem was called ‘Inversion of a definite 
integral’. 

Two methods of iterations or successive approximations 
were developed to solve the equation (II). Thus 

III. <^o(«) =/(»). =/(«)- J K{8, dt, 

(» = 1 , 2 . . . . .) 

and 


IV. 



=/(«)+/l(«)+/2(«)+ • • • • 


(n = 2, . . . . ) 


Liouville ^ was the first to use this method of solution for a 
particular equation of the second kind. The special nature of 
his kernel allowed him to prove the uniform convergence of 
f=/(^)+/i(^)+/ 2 (^)+ • • l>y explicit calculation. A. Beer® 
applied the method (III) formally to his integral equation. 
His main contribution lay in the foct that he transformed an 
integral equation of the first kind which cannot be solved by the 
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method of iterations to an equation of the second kind which 
can thus be solved. The convergence of Beer's process was first 
established by C. Neumann 7, and the method of iterations is 
usually associated with his name. 

Another class of integral equations, the so-called Volterra's 
equations, were first discovereil by J. Le Roux® and Vito 
Volterra ® : 


V. .^(s)+J =/(«). 

Volterra remarked that the treatment of equation (V) was 
analogous to that of a system of linear algebraic equations in 
which the rth equation contains the first r unknowns only. 

At this stage came the epoch-making discovery of Ivor 
Fredholm Inspired by the w'ork of H. Poincar6 in connec- 
tion with Dirichlet’s Problem, Fredholm introduced the general 
integral equation 

VI. ^(3) - A J K{s, dt = /(«). 

a 

Ho conceived the idea of treating this equation on the model of a 
system of linea? algebraic equations which are solved with the 
help of determinants. Fredholm found the solution of (VI) as 
a quotient of two integral transce'idontal functions of A. He 
followed faithfully not only the results but also the methods 
of the theory of determinants. Confining himself to these 
elementary operations and avoiding the function-theoretical 
considerations employed by Poincar4, Fredholm w’as yet 
successful in formulating a simple theory of quite a general 
character. 

In complete analogy with the theorems for a system of 
linear algebraic equations, Fredholm proved the following two 
theorems: 


Theorem 1. If 7)(A) s ^ (— 0, where 

f »=:0 


An 



KKr,), 


K[r,,r{), 




. , K[r^, rj 


dri . . . dr«, 


then the non-homogeneous equation (VI) has for any arbitrary 
and continuous function /(«), one and only one solution ^(^), 
and particularly the solution = 0 for / = 0. In this case 
the transposed equation 
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^(s)— A K{t, s)<ji(t) dt = g(s) 

J a 

has also a unique solution. 

Theorem 2. If A is a real root of D(A) = 0 of multiplicity p, 
then the homogeneous equation 

VII. ^(<) -A r K{s, dt = 0 

a 

has p linearly independent solutions <^ 1 ( 3 ), <^ 2(^)1 * • • » 

Every solution of (VII) is then of the form 

^( 3 ) =Ci^i(3) + C2^2(«)H +Cp<t>p{8), 

where the c’s are constants. 


The associated equation 

-A(s)-Af 


K(t, 8)tlj(t) * = 0 


has also p linearly independent solutions 0i(3), . . . , ^p(s). 
Every solution of this associated equation can be written as 

^(a) = CiiAi(a)+ . . . 

The non-homogenoous equation (VI) for D{\) = 0 is then and only 
then soluble when 

{ f(s)^As)ds = 0, (r = l,2 p). 


8. Hilbert’s general theory of linear integral equations. 

Immediately after the publication of Fredholm’s first paper, 
the investigations were taken over by David Hilbert who, 
during the decade (1901-1910), developed a fairly complete 
theory not only of the solution of linear integral equations, 
but also of eigenvalues, of the Fourier expansion of arbitrary 
functions in series of eigenfunctions and of application to 
mathematical and physical problems. 

Hilbert started with the algebraic problem of the orthogonal 
transformation of a quadratic form in a sum of squares, and 
then arrived at the solution of the transcendental problem (for 
integral equations) by a rigorous application of the limiting 
process when n -> oo. Hilbert established not only the existence 
of eigenfunctions in the most general case, but gave also the 
necessary and sufficient conditions for an infinite number of 
eigenfunctions. His investigations showed that it is not at all 
nocessar}' to employ ordinary or partial differential equations in 
the theory of expansion of arbitrary functions. It is actually the 
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jnte^(^ equations which form the necessary basis and the natural 
starting point for such expansions in series. 

Hilbert’s eigenvalue theory is developed on the same lines 
B8 the principshUaxes theory of algebra, and if the functions are 
taken to be integrable L^, the new theory becomes completely 
analogous to the algebraic theory. 

Hilbert then considered the ordinary difiFerential equation 
of the Stura-Liouville type 

+ { 9(*) + >^Hx ) } M = 0, 

for various boundary values, reduced it to an integral equation 
with the help of the so-called Green’s function, and proved the 
existence of eigenvalues and the expansibility of the given 
functions in series of eigenfunctions of the problem. He proved 
a similar result for the self-adjoint partial differential equation; 

y) y) y)}« = o. 

A simpler and elegant method for obtaining Hilbert’s results 
directly without using the limiting process was given later by 
Hilbert’s pupil, Erhard Schmidt 12 . Two other of Hilbert’s 
pupils, viz. : Hermann Weyl ^3 and R. Courant considered the 
maximum-minimum properties of the eigenvalues. 

4. Applications of unear integral equations. 

Integral equations have now become indispensable in many 
theories in geometry, analysis and the whole domain of mathe- 
matical physics. The theory of ordinary and partial differential 
equations, specially of the equations of mathematical physics, 
cannot be conceived without the theory of integral equations. 
The equations of heat, sound and of the potential theory, the 
oscillations of a linear system, the problems of heat-conduction 
and oscillation in two and three dimensions, thermoelastic 
phenomena of straight rods, and numerous other important 
subjects can be dealt with in a satisfactory manner only through 
the mediation of integral equations. 

In many cases the same result can no doubt be obtained by 
solving a boundary- value problem for a differential equation, but 
the employment of integral equations has many advantages: 
(1) First of all in the differential equation there is an unnecessary 
splitting-up of the problem into the fundamental equation and the 
secondary conditions. The integral equation contains in itself 
all parts of the question. (2) Then it is not necessary to investi- 
gate individually problems of different higher orders with a 
different number of boundary conditions each time. The study 
of only one kind of integral equations is sufficient. (3) Again, 
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problems with a single independent variable and those with 
several independent variables give rise to the fundamentally 
different theories of ordinary and partial differential equations, 
whereas in the theory of integral equations there is no 
fundamental difference between the two cases. (4) Finally, it is 
seen that problems with several dependent variables which give 
rise to a system of simultaneous differential equations can be 
treated with the help of a single integral equation alone. 

In problems of mathematical physics, the integral equation 
is usually obtained through the medium of an ordinary or a 
partial differential equation or of a system of such equations. 
In 1910, however, Hilbert made a direct application of the 
theory of integral equations without bringing in the differential 
equations at all. He showed that it is a linear integral equation 
of the second kind with a symmetric kernel which forms the 
real mathematical basis of the kinetic theory of gases. A 
systematic formulation of the theory of gases woidil be impossible 
without the modern methods of integral equations. For want 
of an application of integral equations the theory of gases put 
forward earlier by H. A. Lorentz^® was deficient, because Lorentz 
could not prove the existence and uniqueness of the solution of 
his fundamental equation. 

Hilbert also proved that the theory of radiation, and 
particularly the well-known theorem of Kirchhoff about the 
relation between the emission and absorption of radiation, could 
be treated most simply and completely with the help of the 
theory of integral equations. It would be remembered that all 
proofs of Kirchhoff’s theorem put forward before this were not 
quite satisfactory, 

6. Integro-differential equations. 

In classical mechanics and physics the fundamental problem 
is to explain the phenomena (i.e. to follow their evolution) and 
to predict them. If the system is known at a given instant, all 
future states are completely determined. Such an evolution 
which is known at each instant, and which therefore depends on 
external circumstances is called ‘deterministic’. Thus, in the 
organic domain, the theories of Lamarck and of Darwin represent 
the type of deterministic evolution. In the inorganic domain, 
we have of course the Newtonian mechanics as an instance. 

But evolution may depend on internal causes. If at each 
instant it depends on the actual conditions, it will be a non- 
hereditary evolution. Only one analytical apparatus, viz., the 
theory of differential equations, is necessary for the treatment 
of these non-hereditary phenomena, whether in the organic or 
in the inorganic domain. All these phenomena obey the principle 
that the present state determines the future. This principle is a 
consequence of the conception that each action manifests itself 
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only at the instant when it takes place, and leaves no heritage. 
This is the same thing as the assumption that the system does 
not conserve the memory of those actions which have affected it 
in the past. 

Now, all the phenomena of nature are not really produced 
in this way. Heredity and memory do exist, but we neglect 
them to simplify the study of such phenomena. The classical 
h^’potheses are only an approximation to reality. There are a 
number of phenomena which cannot be explained by the classical 
theories at all. The analysis proper to such phenomena is that 
of integro-differential equations. 

We shall mention here a few instances where heredity plays 
a big role, and whose explanation requires the integro-differential 
equations. 

(1) It is a fact well-known to engineers that the deformation 
of an old bridge is not the same at the present moment as it was 
at the time of its erection. 

(2) Similarly, suppose that one end of an elastic horizontal 
bar is fixed, while different weights can be hung at the other 
end. First we go on increasing the weights and then take them 
off gradually. It is observed that the deformation of the rod 
for any given weight is not the same when the weights are being 
increased as it is when the weights are being diminished. Thus 
we see that the actual deformation does not depend only on the 
actual weight, but also on all the preceding weights. 

(3) The phenomena of hysteresis in magnetism are evidently 
of a hereditary character; they are very important in electro- 
teolinology. 

(4) Webster has considered the very interesting question 
about the best material for making tuning forks. He has been 
led to apply the conceptions of heredity and integro-differential 
equations to this problem, and to many others in acoustics. 

6. NoN-UNEAB INTEGBAL and mTBOBO-DIFFERENTIAL 
EQUATIONS. 

When Fredholm and Hilbert built up the theory of linear 
integral equations in close analogy with a system of linear 
algebraic equations, it was natural to enquire whether the 
theorems on a system of non-linear algebraic equations could 
not be carried over to non-linear integral equations. These 
considerations have, however, been carried out for the solution 
‘ im-kleinen*, that is, in the restricted domain, or, as they are 
sometimes called, for 4ocal solutions’. 

Let 

fr («i. y) = 0 (r = 1, 2 n) 

be a system of non>linear algebraic equations in n unknowns, 
where ^ is a parameter. Suppose, = a„ (r = 1, 2, . . . , n) 
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is a known solution of this system for the parametric value 
y SSI h. We know from algebra that for those values of y suflS- 
ciently near to 6, we can determine solutions of the system with 
the help of the solution = a^. The two main results in this 
connection are as follows ; 

I 

does not vanish 

for Xp = ap and y then one and only one solution of the 
system exists. 

(2) If the Jacobian vanishes, then we get Puiseux’s theorems 
on the branching-off of the solutions for varying parameter. 

The existence theorem ‘im-ldeiuen’ for non-linear integral 
equations of the type 

ft pft 

K{a, t)<f>{t) di+ H{s, t) { fdt+ . . . . = g(8) 

a ^ a 

was established by Fubini i®, Volterra and others by the 
method of successive approximations. Non-linear integral 
equations of Volterra’s type have also been solved by this 
method for small values of a parameter A entering into the 
equation. 

E. Schmidt 20 developed in 1908 a theory for non-linear 
integral equations corresponding to Puiseux’s theorem for 
algebraic equations. Schmidt considered the equation. 

I. -u(«)+ r K{8, t)u{t) dt = t;(«)+F{tt(5), v(«)}, 

^ a 

where F denotes a non-linear functional operation called an 
‘integral power series ’ by Schmidt. The functional %(«), v{s ) } 
consists of an infinite number of terms of the form 





(ao+^0^ 0, . 


n>0), 




where K{s, ( 1 , . . . . t„) is a continuous function of all its 
arguments in (a, 6), and where all a, P and n are non-negative 
integers. The problem is to solve the integral equation (I) for 
every given continuous function v{s) whose maximum modulus is 
sufficiently small. 

Schmidt proved that there are various possibilities for the 
solution r>f (I) according to the solubility or otherwise of the 
linear homogeneous equation : 
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II. ^ |* ^ 0* 

^ a 

(1) Suppose that (II) has no non-trivial solution. Then 
there exist two positive numbers V such that for every 
continuous function t?(«) with Max | v(5) \ there exists one 
and only one solution u{8) of (I) such that Max | w(«) | < A'. This 
solution can be expressed as an integral power series in 

(2) Suppose that (II) has only one solution. Then we can 
find an integral transcendental equation 

III. Lox^ +L^x^+ • • • = { v(«) } 

in an unknown x with constant Zf 2 , , which can be 

found from successive integrations of known functions, and 
where Fi is an integral power series in v{8) which vanishes for 
t? = 0. 

Now, if L„ is the first non- vanishing coefficient of (III), then 
for each v{8) with sufficiently small maximum, there exist exactly 
n solutions of (I), that is to say, there is a w-ple branching-off 
as in the case of algebraic equations. 

However, if all L„ vanish, then for v(5) = 0, the equation (I) 
has a non-denumerably infimte number of solutions. 

(3) In the third case, suppose that (II) has n linearly 
independent solutions. Then we get n branching-off equations 
of the type (III) in n parameters. Every system of sufficiently 
small solutions of these equations gives us a solution of (I). 

A number of non-linear integral equations were also solved 
by Volterra 21 with the help of his theory of permutable functions 
and compositions and of his functional calculus. In fact, with 
the help of this calculus, he was able to show that every problem 
of analysis which has meromorphic functions for its solution 
leads to two problems which are correlated to it : (a) an integral 
or integro-differential problem of Volterra ’s type havmg integral 
functions for its solution; (b) a problem of Fredholm’s type 
having meromorphic functions for its solution. 

In connection with various problems in higher partial 
differentia] equations and in hydrodynamics and celestial 
mechanics, L. Lichtenstein 22 set up and solved a number of non- 
linear integral equations and integro-differential equations. For 
instance, he considered the equation 

00 pir Air 

IV. = 2 ••• 

1 J Q J Q 

X ^(«i) • • • 4>{8,) dsi‘-‘ ds„ 

and proved that at least for one value (zero included) of the 
parameter A, the equation (IV) has a non-trivial solution. The 
proof is given by reducing to an existence problem in the calculus 
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of variations ; from all functions continuous in 0 < « < w and 
satisfying 

•TT 

= 2 ' 

J 0 

it is required to determine those functions which give the highest 
value to the functional 




n= 2 


Kn{8u 




Lichtenstein proved siiuilarly the existence of an eigenvalue 
and of a solution of the non-linear integral equation 


00 / 1 * fl 1 

A(^(<) = 2 gr,(a)£^(«,<)| j K{8,r),j>(r)dr^ da. 

n* 1 J A 'a 


Solutions of some non-linear integral equations ‘ Im-grossen ’ 
i.e. non-local solutions, have also been given by J. Leray^s^ 
J. Schauder 24 and L. Pomey 25. 

The present speaker 26 has considered infinite systems of 
non-linear integral equations of the type 


V. u„(8) =/,(«)+ g„(8, t)F„{t, Uz{t), • • • 00 ] d«, 

V n 


(w = 1,2,-- - 00), 


and has developed methods for establishing the existence and 
uniqueness of the solution both in the restricted as well as 
unrestricted domains. The solution is determined by means of 
the successive approximations for each n > 1 : 


==/„(«) andforr>l 


=/»(«) + 


g,(8. t}F,{t, {t), •••) dt. 


It is proved first that the series ^ 


«== 1 




converges uniformly for all s and all r, and further that the 
double series 


09 ao 

1 1 

r«0 n-=l 
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converges uniformly, Th ua it ia ahown that theae approximations 
converge to a unique limit u„(s) which ia continuous and which 
satisfies the non-linear integral equation (V) for all n. With the 
help of this infinite system, the present speaker 27 has been 
able to solve various boundary- value problems for non-linear 
partial difierential equations of the parabolic and hyperbolic 
types. Some cases of non-linear integral equations and integro- 
differential equations have also been investigated by Minakshi 
Sundaram 28, while working with the present speaker. 

Levi-Civita’s problem of the propagation of two dimensional 
surface waves of finite amplitude, Carleman’s problem of the 
theory of heat radiation, specially the problem of thermal 
equilibrium in the presence of radiation, the problems of heat 
conduction in deep seas and in crystals are solved by reducing 
them to non-linear integral equations. 

On the other hand, the regular two-dimensional variation 
problems, the inversion problem in the theory of functionals, the 
equilibrium figures of rotating fluids, the d 3 mamics of incoherent 
gravitating media, the hydrodynamics of homogeneous frictionless 
fluids and a host of other problems 20 can only be treated with the 
help of non-linear integro-difiFerential equations. 

7, FimCTIONS OF INFINITBLY MANY VARIABLES. 

) 

The idea of passing from the finite to the infinite has always 
been extremely attractive and fruitful in mathematics. Its 
fundamental significance lies in the fact that through it we are 
led from algebra to analysis. Thus, to give but one instance, 
integration is nothing but the taking over of the conception of a 
sum from the domain of the finite to that of the infinite. 

Many attempts to realize this conception and to apply it 
were made long before the present century. Daniel Bernoilli 
treated in 1732-33 the oscillating string as the limiting case of a 
system of n oscillating particles. The principle of passing from 
the finite to the infinite was applied by Cauchy for demonstrat- 
ing the existence of integrals of differential equations. But no 
one understood its deep significance better than Biemann,82 
as can be judged from his remarks on the integration of partial 
differential equations of hyperbolic type. 

For the further development of functional analysis, the 
introduction in 1886 of this principle into the theory of infinite 
determinants was of considerable significance. Up to this time 
some attempts were made to treat infinite systems of linear 
algebraic equations, but these attempts were not successful. 
Only when G. W. 1111183, H. Poincar6 84 and H. von Koch *8 
took over the question of infinite determinants and applied the 
principle«of passing from the finite to the infinite, was it possible 
to build up a theory of solution of infinite systems of algebraic 
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equations whose theorems were completely analogous to those of 
n equations in n unknowns. 

Thus originated the idea of the function of an infinite number 
of variables. It is to Hilbert again that we owe the systematic 
development of the theory of such functions. As we have 
already pointed out in § 3, Hilbert solved the integral equation 
by reducing it to a system of n algebraic equations and then 
making a passage to the limit n->oo. In this connection he 
introduced the function F(xi, X 2 , Xg, ...) of an infinite number 
of variables, and develoi)ed an extensive theory of linear, 
bilinear and quadratic forms side by side with the theory of 
linear integral equations s®. 

Hilbert did not confine himself only to the development 
of a theory of infinitely many variables, but he showed at the 
same time how the whole theory of solution and the theory of 
eigenvalues of integral equations can be deduced from it directly. 

The connecting link between the integral equations and the 
equations in an infinite number of unknowns is an infinite system 
of functions {^^(a)} which are defined and continuous in the 
interval a < a < 5, and which satisfy the following conditions: — 
(1) the system is ortho-normal, i.e. for any m, n 


I. 


r* 

a 


1 if m =s w ; 


(2) the system is complete, that is to say, for any pa'i of 
continuous functions «(a), v[s) the identity 




-6 

II. 

U{8)v(8) (Is y < 

U{8)<j>r(s)d8 . 

% 

a = 1 ^ - 

a * 


V(8)^^(8) d8 


} 


is satisfied. 


Now consider the integral equation 


III. 

Writing 


■/ 


^(5)+ K{a,t)<l>{t)dt=f(8). 


*« = f <t>{8)<t>n{») /« = f S(«)4>n(») ds, 

o •'a 

K,(8)=- f K{8,t)Mt)dt, 

^ a 

n b a6 

K{8, t)4,J,8)<f>Jt) d8dt=> j Kn{a)<l>,{a) da = Z, 
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we get, on account of the oompleteneaB relation (II), 


IV. 


n*l 

X 


{ir(«, ())•*; 


2f-‘= 

n^l 

CO X 


{f(s)l^d3, 


f*t» A* 


J 2^„< \ {K(B,t)}^dadt. 

m^l n = 1 J a a 

Thus the equation (III) can be written as 


au 

^(a)+ ^£'n(B)x, =/(»)■ 


« = 1 

Further, for a continuous solution of (III), the sum of 
squares 

X 

VI. = I 

«=i J„ 

is seen to be convergent. Again, on account of Schwarz’s 
inequality [Eu^v^]^ <,EUj^Ev^^ it follows from (TV) that the 
series EKn{8)XJ^ is uniformly convergent in (a, h). Hence 


pb X /•* 

<l>{8)K(s)ds+^xA KMK{8)da= f(3)<f>j8)da 

V fl tl>^ 1 j Q j g 


or 


Vn. a;„+2 (to=1, 2, ...). 

n = l 

Thus we have the theorem that the Fourier coefficients x„ 
of every solution of the integral equation (III) give a solution of 
the system (VII) with convergent sum of squares. 

If /(«) 5 0, that is to say, if the integral equation is homo- 
geneous, then /h = 0 for all n, so that satisfy the system of 
homogeneous equations 

X 

Vm. a:„+ 2 £:„x„ = 0 (wi = 1, 2, . . . . 

n^l 

Cdhversely, if a?!, a; 2 , . . . is a system of solutions of (VII) 
such that Ex„^ is convergent, then it follows that the series 
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ZK,{a)x, is unifQtmly convergent, and therefore the function 

n 

^(t) = f{8)—£K,{a)x, is continuous. Then 

n 



This shows that is the Fourier coefficient of ^( 5 ), so that from 
(II) we obtain 


00 

^ K,(8)x, 


K(a, 


Thus we see that ^(«) =/(«)— is a solution of the 

n 

integral equation (III). 

Further, it is evident from (VI) that the Fourier coefficients 
of a continuous function all vanish only when the function itself 
identically vanishes. Thus, from a system of solutions of the 
homogeneous algebraic equations (VIII), we get solutions of the 
homogeneous integral equation. Also, a number of systems of 
solutions of the homogeneous algebraic equations is lineaily 
independent only when corresponding solutions of the homo- 
geneous integral equation are linearly independent. Finally 
we see that the transposed integral equation 

i/>(s)+ f K(t, 3)>l>{t) dt = g{a) 

a 

corresponds to the system of algebraic equations 

»m+ =gm (OT = 1, 2, • • •). 

Thus the complete equivalence of the solution theory of 
linear integral equation (III) and that of the system of linear 
algebraic equations (VII) is established. 

In 1914 Lichtenstein 87 made his well-known application 
of Hilbert’s theory of infinite bilinear and quadratic forms. He 
developed a method of dealing with the bormdary- value problems 
by reducing them directly to equations in an infinite number of 
unknowns without reducing them first to integral equations. 
In subsequent years this Iwcame a very powerffil method for 
the treatment of such questions for ordinary and partial differen- 
tial equations, 

3 
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Hilbert and his pupils Hellinger Toeplite and othei^ 
considered in detail the ‘ VoUstetig ’ and funded bilinear and 
quachatic form in an infinite number of variables, and developed 
in this connection a theory of infinite matrices and of princij^I- 
axes transformations. It was this last theory which supplied 
the mathematical foundationa 06 modern, quantum mecha- 
nics An elaborate geometry of the Hilbertian space has also 

been developed Among its many applications we nmy 
mention the generalized absolute differential calculus which 
includes Ricci’s calculus as a particular case. 

8. The theoby of functionals. 

We have seen that both from the side of mathematics and 
ih>m that of natural philosophy we are compelled to introduce 
the idea of functions of ini^ite number of variables. If we 
consider a natural phenomenon as the effect of a finite number 
of causes, we are making only an abstraction because we are 
neglecting elements which are supposed to be very small compared 
to others which are taken to be preponderant. In this way 
we make only an approximative study of the phenomenon for 
a full and complete examination of which it would be necessary 
to pass from a finite to an infinite number of variables. Thus, 
to take a general example, if a phenomenon depends on a physical 
field, and if the field, regarded as a continuum, is varied, then 
the changes of the phenomenon would depend on an infinite 
number of variables. Similarly, we have already remarked 
that in phenomena where heredity and memory of the past 
play a big role, it is essential to employ functions of infinitely 
many variables. 

Let us consider an old problem of isoperimetry, viz. that 
of finding a plane curve of given length which encloses the 
greatest possible area. The area here is evidently a function 
of the enclosing curve, and since the curve can be represented 
as an ordinary function, the area can be considered as a quantity 
which depends on all the values of a function. It is therefore a 
function of an infinite number of variables. A more general 
example is provided by the integral 

'"I /(’’•*'■$) *= 

a 

which depends on all the values of the function y in the interval 
(a, h). 

Thus the definite integral and the calculus of variations 
present the first two instances of the idea of a functional. But 
the credit of recognizing the individuality and the importance of 
this new conception in mathematics goes to Pincherle**, and 
above all to Volterra The functional calculus was created 

SB 
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in 1887 when Volterra published his researches under the title 
* functions depending on other function He changed the name 
later to * functions of lines \ but the term ' functional ’ which is 
now generally accepted was proposed by Hadamard. Thanks 
to the profound researches of Volterra, Hadamard and a 
brilliant congregation of other workers, the functional analysis 
has developed extensively, and has penetrated deeply into the 
various branches of pure and applied mathematics. Everything 
concerning integral, integro-differential, and functional equa- 
tions, investigations on functional spaces, the calculus of varia- 
tions in its broadest sense, questions involving effects of the 
hereditary type — all these different subjects have now been 
unified in one general theory of functionals. These different 
theories, viz. those of integral equations, calculus of variations, 
etc., then become only so many chapters in the theory of func- 
tionals. Moreover, the theory of functionals can be applied 
to mechanics, mathematical physics, biology, statistics and 
sociology. / 

Investigations on the theory of functionals can be divided 
into two main groups which are called ‘ functional algebra * 
and ‘functional analysis’. The first consists of problems 
where the unknowns are ordinary functions, but which become 
a part of the functional calctdus on account of the methods 
which are employed to solve them. To this category belong 
the theories of integral and of integro-differential equations. 
The second group, viz. that of functional analysis, consists of 
those problems in which the unknowns are functionals, or 
more generally of those problems which cannot be conceived 
independently of the notion of a functional. 

It seems desirable to give a brief resume of the precise 
meaning of the functional, and also of the fundamental notions . 
of the calculus. 

For the sake of definiteness, we consider the function 
x{t) of a single variable t taken in the interval (a, h). The 
functional depending on the argument-function x(t) is represented 
by the notation Vlxif)] or simply by In general the 

functional depending on the three argument-functions x{t), 
y(<), z{t)^ and on two parameters A, /li will be represented by 
Vi ^ \ K ft]- As we have remarked the functional analysis 
appears as a natural generalization of the theory of ordinary 
functions, and can be deduced from the former by the method 
of proceeding to the limit. Thus, if we divide (a, h) into n 
equal parts, and if we represent the function x{t) asymptotically 
by a function which is constant in each of these intervals 

such that the constant value of X^{t) in the interval 

is denoted by a?<, then the functional V[x'\ would be reduced for 
to a function u^{xi, ' * ' » of n variables. Hence the 
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functional in such cases can be defined ae the limit of the fimotion 
«»(*!, * 2 , • • • . ^») when Jt->oo. Even if this procedtm does not 
always provide a rigorous demonstration, it constitutes a remark- 
able method of induction for obtaining fundamental results of 
the functional analysis. Volterra calls this method ‘ the method 
of passing from discontinuous to continuous ^ 

Generalizing the idea of representing a function of n variables 
by a point in an ideal space of n dimensions, each function x{t) 
is represented by a point [x] in a space of infinite dimensions, 
which is called "functional space*. A functional of x(t) will 
then become a function of the point [a;]. The notions of the 
bound, limit and continuity of a function can then be generalized 
to give analogous notions for a functional. There would be, of 
course, several definitions possible according to the definition 
which we adopt for the distance between two points [aj] and [y\ 
of functional space, representing the two functions x{t) and y(t). 
This distance is commonly defined as the number r, positive or 
zero, given by 

I. {y(t)-3^t)Y dt. 


The functional field in this case will consist of those functions 
whose square is summable. Other definitions of distance will 
give rise to other functional fields. 

Fischer and Riesz have studied the geometry of 
this functional Bi)ace, and have shown that it is remarkably 
similar to the geometry of w-dimensional space. Thus, consider 
an infinite system of ortho-normal functions, and an 


00 

infinite sequence { c„ } of coefficients such that the sum ^ 


is finite. Fischer and Riesz have shown that the series 


n«l 


II. + \r c„x„{t) + . . . 

converges in the mean to a function x(t) such that 


III. r X^(t) dt s= Ci®+C2*+ • • • +c„2-j- , , , 

^ a 

Conversely, if a function x(t) can be represented by a series of 
the type (II) which converges in the mean, then the coefficients 
are given by the formula 


IV. = I x{t)xjif) di. 


The x„(t) can therefore be considered as unit vectors in a rectan- 
gular co-ordinate system in functional space. Then x(t) would 
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be the vector from the origin x(t)s0 to the point [«] representing 


x(t), whose length 1 would be given by 


{/; 


xHt) dt 




The 


Fourier coefficient c„ would be the component (length of projec- 
tion) of x(t) in the direction of the unit vector Xn(t), The relation 
(III) would then be only the expression of the Pythagorian 
Theorem 



W=1 


9. Different branches of the functional analysis. 

Functional analysis has been studied and developed along 
various lines corresponding to those of the theorv of ordinary 
functions. 

A functional U[x] depends on the argument-function 
x{t) which can be taken to define a line. If one point of the 
line is altered, we get what is called a ‘derivative ’ of the func- 
tional. Supposing such modifications of a lino made at all its 
points we obtain a ‘diflFerential* or ‘variation* of the func- 
tional. We can then pursue the study of successive differentials, 
and then arrive at an analytic development analogous to that 
of Taylor. Then we can try to find the maxima and minima 
of a functional. This will necessitate an investigation of the 
conditions under which the differential of a functional w( 'Jd 
vanish. These investigations are very much difficult and compli- 
cated, and much work remains to be done in this respect. 

If we consider the various terms in the Taylor expansion 
of a functional, we are led to analytic forms in an infinite number 
of variables, thus giving rise to a new algebra closely connected 
with the ordinary algebra. In the first place each chapter of 
the ordinary algebra leads to a corresponding problem obtained 
by Volterra’s principle of passing from discontinuous to conti- 
nuous. At the same time this correlation offers us in the majority 
of cases practical and easy solutions, because these new problems 
can be considered as limiting cases of the problems of ordinary 
algebra. Very often the solutions are only limits of the known 
algebraic solutions. A well-known mstance of this is provided 
by the general theory of an infinite system of linear equations. 

The theories of functions of several variables and of multiple 
integrals have also been generalized to give ponespondmg 
theories in functional analysis. A theory of functional deriva- 
tive equation has been bifilt up by Hadamard^® and Levy^^^ 
to correspond to the theory of differential equations. The 
functional derivative equations consist of relations between the 
functional derivatives of a functional, the functional itself and 
the independent variables. These equations can also be obtained 
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by the usual process of passing from the finite to the infinite, 
from ordinary total differential equations, and from partial 
differential equations. 

10. Applications op the theory op punotionals. 

The first application of the functional analysis was made to 
the calculus of variations with the help of Volterra’s extension^® 
of the Hamilton-Jacobi theory. We know that this theory 
plays an important role in the integration of the equations of 
mechanics. It has its origin in the fact that the differential 
equations of mechanics are nothing but the Euler equations 
of an Extremum problem concerning the action integral. It is 
well known that many other problems of mathematical physics 
can be reduced to problems of the calculus of variations. In 
the development of the science of Physics, there has often been 
a tendency to reduce natural problems to the question of finding 
a minimum. This has been due to the conviction that Nature, 
in its manifestations, tends to accomplish various phenomena at 
the lowest possible expenses. The problems of mathematical 
physics thus depend on the extremum of a multiple integral, 
making it necessary to consider the integral as a functional of 
the field of integration. It would then be impossible to obtain 
a generalization of the Hamilton-Jacobi theory without the aid 
of the functional analysis. 

Volterra has insisted on this point from the very begin- 
ning of his researches. He has pointed out, for instance, that 
Hamilton’s principle can be developed in two different directions : 
the so-called principle of stationary action and the principle of 
variable action. It is the latter that requires the theory of 
functionals. In it, the action is considered as a function of the 
final values of the integrals and of the time, so that for a conti- 
nuous system with an infinite number of degrees of freedom the 
action becomes a function of an infinite number of variables, 
and therefore a functional. ‘It follows that the extension of 
the principle of variable action to the cases of electricity, magne- 
tism, elasticity and so on, and in general to the classical questions 
of mathematical physics, leads to a corresponding series of 
principles which cannot be enunciated without the terminology 
of functionals, and which find their development within the sphere 
of the theory of functionals’. 

Shortly after the appearance of Volterra’s first researches, 
Hadamard Tonelli and others applied these conceptions to 
obtain direct and rigorous methods for treating questions of the 
calculus of variations. These questions consisted mainly of the 
following three successive steps : 

(1) To obtain the equations which express the vanishing 
of the first«variation. These are the well-known equations of 
Euler. 
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(2) To determine the lines or sur&ces which verify Euler’s 
equations and which satisfy the boundary conditions of the 
problem, or at least, to establish the existence of such lines and 
surfaces. 

(3) To investigate whether these lines or surfaces really give 
a maximum or a minimum. 

Now in the classical method of the calculus of variations 
it was always easy to write down Euler’s equation, but the 
other two questions, and specially the third, presented great, 
almost insurmountable difficulties. Functional analysis has 
made the direct investigation of these questions quite easy, and 
has thus given new life to the calculus of variations. 

These investigations have contributed greatly to bring 
about a unification of the whole structure of mathematical 
physics. Moreover, the new method gives us a ready criterion 
for examining whether the various expressions for natural laws 
are in an invariant form agreeing with modem relativistic con- 
ceptions. The employment of a variational form for the expres- 
sion of a physical law makes the change of variables easier, so that 
we can conveniently investigate the invariance of our equations 
for a change of the fi:time of reference. The direct method is 
often employed in the modem theories of physics as an instance 
of which can be mentioned the quantum-electrodynamics 
proposed by Heisenberg and Pauli 5*. 

Another field for an application of the functional analysis 
is provided by the celebrated principle of Dirichlet, and sin^r 
existence theorems. This principle postulates the existence of 
a function continuous along with its derivatives in a domain 
D with the boundary S, taking given values on S and making 
the integral 

a minimiiTn . 

The corresponding Euler equation is Laplace’s equation of 
the potential theory, viz. the equation 


3a:* 3y® 


0 . 


We have thus to find a continuous solution of this equation 
which takes given values on 8. This is called DMchlet’s prob* 
lem. Similar remarks can he made for the solutions of boundary- 
value and eigenvalue problems of linear partial differential 
equations of elliptic type. 

Gauss and Biemann believed that the existence of the 
function <^{x, y) was assured because the integral I was always 
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positive. Weierstrass raised an objection to this assumption, 
and gave simple examples of minimum problems which had no 
solution. This method of proof was then abandoned and efforts 
were concentrated on solving Dirichlet’s problem, i.e., on finding 
a solution of the differential equation for the given boundary 
conditions. Various methods, viz. those of Neumann 
Schwarz Poincar^ 66 and Fredholm 6« were developed to solve 
the problem, but these had no connection with the calculus of 
variations. 

Then, inspired directly by the theory of functionals Arzela 67 
tried to go back to Dirichlet’s principle, and attempted to 
give a rigorous proof of the existence of the minimum under 
certain conditions. It was Hilbert 68 who, in the year 1900, 
furnished such a rigorous and complete demonstration of Dirich - 
let’s principle, and obtained a defi^te result with the help of the 
theory of functionals. The work has been subsequently con- 
tinued by Levi, Fubini, Lebesgue, Zaremba and various other 
writers 60. 

The idea of treating the integral and integro-differential 
equations as chapters in the theory of functionals was already 
mooted out by Volterra ^ in 1913. Subsequent developments 
have revealed the close connection between these two subjects. 
The general methods employed today for treating the integral 
equations in all their generality are effectively the same as 
those which have served for making a passage from ordinary 
functions to functionals. In both cases, the basic concept is a 
systematic and uniform application of the principle of passing 
from discontinuous to continuous. The powerM theories of 
integral and integro-differential equations, with all their appli- 
cations to geometry, analysis, mechanics and mathematical 
physics, are thus found to be only branches of the still more 
powerful theory of functionals. 

The method of functionals and particularly of integral 
equations has been applied by Proudinan®^ Matteuzzi®^ and 
others to the study of the oscillations or tides of lakes. This 
phenomenon was &st observed in the lake of Geneva, where, 
owing to its elongated form, the changes of level sometimes 
reach a couple of meters. Extending a method used by Lagrange 
for the theory of the vibrations of strings, Proudman divides the 
lake into an infinite number of narrow strips, and studies their 
vibrations, making Use of infinite determinants. Matteuzzi, 
however, applies the general theory of integral equations, and 
obtains all the results directly. The same method has been 
applied by Poincar^ 6® and others to the study of the problem 
of oceanic tides. 

In 1914 Volterra w suggested that functional analysis 
should be«epplied to the study of continuous systems, and es- 
pecially those consisting of swarms of corpuscles not connected 
by links that can be expressed by means of differential relations. 
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G. C. MoisU carried out this suggestion. He attached a set 
of functions which can be considered as co-ordinates, to each 
configuration of a continuous and variable system. Choosing 
a suitable metric for the functional space, and applying the 
tensor calculus, he arrived at differential equations analogous 
to Lagrange’s equations in classical mechanics. The theory 
has a practical application in the study of the movement of 
a flexible and inextensible wire. 

Volterra and his co-workers have made an extensive use 
of functionals in the theories of elasticity and of hereditary 
phenomena in elasticity, electro-magnetism and mechanics. 
The theory of functionals has recently b^n applied to ballistics,®^ 
political economy,®® statistics®® and to a biologico-mathe- 
matical theory of the fluctuations of species living together 70. 

11. The general analysis of Fbeohet and Moore. 

We have seen that the independent variable of the functional 
analysis is not numerical, as in the ordinary theory of functions, 
but a line, a surface or a function. From 1904 onwards 
Frechet and Moore ^2 began generalizing the analysis by 
discarding the concrete variables and considering those of any 
nature whatever. They proposed to extend the infinitesimal 
calculus to the case in which the nature of the variables is not 
specified. Not only was the numerical variable generalized, 
but the numerical fonction was replaced by a function of an 
arbitrary nature. Thus Frechet and Moore studied the relaSons 
between two elements of an abstract type. This subject is 
called ‘general analysis’ and has developed a great deal in 
recent years. This new analysis proceeds by making an abs- 
traction of all those concepts which are common to several 
known and allied theories. These theories are then generalized 
by removing from them any particular properties that are 
related to the concrete elements on which they are based. A 
familiar example of this passing from the concrete to the abstract 
is provided by the concept of a vector which is the generaliza- 
tion of the concrete notions of velocity, acceUeration, force, 
momentum, etc. 

General analysis is not concerned with special cases of 
classical mathematics. Thus it does not deal either with 
functions continuous in an interval as is done by the theory of 
integral equations, or with the points of a ?i-dimensional space 
as is done by the algebraic theory of systems of n-liiiear equations, 
or with points in Hilbert space as is done by the theory of 
functions of an infinite number of variables, but with elements 
of an abstract aggregate. Its theorems contain those of integral 
equations as well as of finite and infinite systems of algebraic 
equations. 
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General analysis has not only given us several new subjects 
such as the theory of dimensions and topology, but it has also 
brought about a unification of various results in the classical 
theories. Thus the theory of integral equations becomes a 
particular case of the theory of transformations in abstract 
spaces and their inversions. 

12. The theory oe functional operators. 

With the introduction of the idea of abstract spaces in 
analysis, we can easily pass over from the special theory of 
functionals to the general theory of operators. 

The term Afunctional operation’ signifies any operation 
carried out not on numbers, but on functions. 

Let El and E 2 be two spaces formed of any elements what- 
ever, provided only that the associative law of addition and the 
zero element are supposed to be defined in them. Let y = TJ(x) be 
a function (operation, transformation) which connects an element 
y of jBg to every element x of Ei. The functional is only a 
particular case of the operator U when E 2 is the space of real 
numbers. 

If for any two elements Xj, a ?2 of -Bj, the relation 

C^(a;i-fa?2) = V[xi)^U{x2) 

is satisfied, the operator V{x) is said to be * additive’. If, 
further, Ei and E 2 are metric spaces, i.e. if in each of them the 
distance between two elements is defined, the operator U(x) 
is called * continuous’. An operator which is additive and 
continuous is called * linear’. Familiar instances of operations 
are those of differentiation and definite integration considered 
by Leibnitz and later by Lagrange and others 76. Similarly, 
the ordinary complex numbers can be interpreted geometri- 
cally as transformations of a coplanar set of vectors, and are 
thus linear operators. So also, the quaternions as defined by 
Hamilton, are operators on three-dimensional vectors. These 
can be generalized further to w-dimensional operators. 

A symbolic form of the operator calculus was developed 
and used by Heaviside 7® in connection with his researches in 
electro-dynamics. Giorgi77 and others applied Heaviside’s 
methods to the solution of numerous problems in mathematical 
physics, and to the integration of differential equations. 

But the principal ^velopment of the operator calculus, 
so far as concerns linear functional operations in the field of 
analytic functions, is due to the work of Pincherle 78. It was 
extended in various directions by Volterra7», Calo®®, Bourlet®^ 
and a host of other workers 

The theory of operators has now become an essential part 
of many of ^the most important domains of mathematics. We 
have seen that the theory of integral equations and the calculus 
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of variations are contained as particular cases of the theory of 
functionals, and therefore of the general theory of operators. 
In this theory, we see the methods of classical mathematics 
blending harmoniously with those of modem mathematics. 
It gives us completely new interpretations of many results in 
the theory of sets or in topology. Thus, for example, Birkhoff 
and Kellog have demonstrated that by means of the theory of 
operators the topological theorem on the invariant point can 
be translated to give the classical existence theorem for differen- 
tial equations. The operator theory brings about a certain 
unity in different branches of mathematics sufficiently remote 
from each other. For instance, the theorem on the continuation 
of an additive functional resolves simultaneously the general 
problem of measure as well as the problems of moments and of 
existence of the solution of a system of linear equations in an 
infinite number of unknowns. Thus a really profound insight 
into many important branches of mathematics such as the theory 
of functions, integral and integro-differential equations, calculus 
of variations, theory of sets, topology and theory of dimensions, 
is possible only with the help of functional operators. 

On the other hand, modem theories of physics make much 
use of the operator theory. Thus, apart from classical mechanics 
and electro-dynamics, the subject of quantum mechanics in 
its modem developments is based entirely on the theory of 
linear operators. This theory plays the same part in quantum 
mechanics as tensor analysis plays in the theory of relativity. 
Quite recently the quatemionic operators have been applied to 
relativistic quantum mechanics 

It is well known that many of the laws of quantum mechanics 
are not in a covariant form. For instance, the uncertainty 
relation is not invariant for transformations of the Lorentz 
group. The non-covariance of quantum mechanics is due to 
the fact that in it, as in the classical theory, time plays a parti- 
cular role, viz. that of the parameter. This is contrary to the 
relativistic idea that all the co-ordinates of space-time have the 
same status. For the mathematical description of physical 
phenomena, the world-point {x, y, z, ict) should be taken as 
parameter. The quaternions are admirably suited for this 
purpose. The application of quaternions has the advantage 
that it conserves the four-dimensional character of physical 
quantities all along the calculations. The g-numbers and the 
c-numbers of quantum mechanics thus become quaternions. 
The d3mamical variables are therefore not simply Heisenberg’s 
matrices, but quatemionic matrices. 

The fundamental relations of quantum mechanics such as 
the Bitz combmation principle, the quantum conditions, the 
equations of motion and Heisenberg’s tmcertainty relations, can 
then be generalized in a quatemionic form in the same way as 
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Dirao’s relativistic equation is a generalization of Schrodinger’s 
wave equation. Dirac’s equation itself can be obtamed from 
the quatemionic mechanics with the help of the most general 
Lorentz transformation. The relativistic quantum mechanics 
thus becomes a mechanics of the quatemionic matrices. 

The theory of functional operators is playing an increasingly 
important role in the whole domain of mathematics and its 
applications. We can readily agree with Hadamard when he 
says that it ‘is one of the most powerful tools of research in 
contemporary mathematics ’. 
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{Delivered on Jan, 4, 1941) 

THE ROLE of applied PHYSICS IN INDUSTRY. 

I would like to present before you all, some particulars 
of the subjects with which I have been intimately associating 
myself during the last few years. 1 have been feeling for some 
time that time is now ripe to consider the important role which the 
scientists of our country have to take up in associating them- 
selves with the industrial development of our motherland. It 
would be necessary for us to take into account and to realise 
that in the last fifty years applied physics has exerted a more 
powerful beneficial influence on the intellectual, economic and 
social life of the world than has ever been exerted in a comparable 
time by any other agency in history. Its main sub-divis*ons, 
such as applied heat, applied optics, applied acoustics, applied 
electricity and magnetism, and applied mechanics, illustrate 
its scope. Anything we know about these subjects and what- 
ever uses are made of such agencies as light, heat, electricity 
or the different materials in their different states fall within 
its field and are the contributions of applied physicists to human 
welfare. 

Average citizen and man of the world have little compre- 
hension regarding applied physics, since aU the different people 
whose life-work really happens to be applied physics do not 
call themselves by that name. There has been a very interesting 
trend in applied physics by which great branches of its specialised 
interests have been appropriated by special groups of applied 
physicists who call themselves engineers as soon as a systematic 
method for the application of its principles has been developed 
in special fields. Thus we have civil engineers, mechanical 
engineers, electrical engineers, automobile engineefs, aeronautical 
engineers, communication engineers, mining and metallurgical 
engineers, illumination engineers, motion picture engineers, 
radio engineers, chemical engineers and diverse others whose 
activities are wholly or largely concerned with the application 
of physics to practical ends. Considering ‘Civil Engineering’, 
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which is one of the oldest examples of applied physics, one finds 
that its field is based on the strength of materials, hydraulics 
and applied optics. Others like the radio engineering and 
motion picture engineering are based on discoveries within 
our lifetime. Turning our attention to metallurgical engineering, 
a very old practice, and the more recent chemical engineering 
involving important applications of the chemical science, it is 
easy to notice that the bulk operations are based on those 
applications which form the elements of mechanical engineering. 

Besides these applied physicists, who group themselves as 
engineers, one finds astronomers, meteorologists, opticians and 
optometrists and many similar groups, who deal with physical 
instruments and theories in their special fields of activities. 
Hence it would not be too much to state that the economic, 
social and intellectual influence of applied physics is based on 
the contributions to knowledge, to industry, and to the art of 
living which have all emanated from the diverse elements which 
are but manifestations evolved from the knowledge of physics. 
Furthermore, one is cognisant of the fact that new knowledge 
and applications are rendered available more rapidly than ever 
before. 

Let us try to explain our position a little more clearly 
and let us treat it under three different categories. Firstly, 
those industries which are based more upon ancient art which 
has been developed largely by practical experiences. In this 
category one finds such activities as the construction of buildings, 
highways, bridges, and dams; the production of metals, alloys 
and textile materials; the use of natural resources, such as power 
from wind and water, coal and oil. In all these fields there is 
an art which has been handed down from antiquity and which 
has been more or lees improved by invention and discovery 
of new materials and methods. In these fields there is noticed 
a tendency for misunderstanding and conflict of ideas between 
the so-called practical workers on the one hand and the scientists 
on the other. The practical men have a great force of tradition 
behind them and the general public has a feeling of conservatism 
to oppose the introduction of new materials and new technique 
supplied by the scientists. The trend towards the scientific 
attitude is, however, unmistakable and is augmented partly 
by force of competition and examples, set up by more enter* 
prising members. The second category embraces those indus- 
tries which have been built upon more recent scientific discoveries. 
In this, one finds communications, air transportation, motion 
pictures with sound and colour accompaniments, illumination 
and the generation and diverse utilisations of electric power. 
It is noteworthy that since these industries have been created 
by i^esearch, the organisations, which are taking part in their 
introduction, would tend to become obsolete as soon as the 
research activities are allowed to diminish in vigour. The 
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third category includes those groups whose activities rest on 
the basis of other sciences, such as, chemistry, biology, etc. 
Here one finds the chemical industries, the industry of drugs 
and medicine which though not directly derived from physics 
but to which it is contributing an ever-increasing assistance 
through tools and measuring instruments, methods and inter- 
pretative concepts. In the field of medicine, the X-ray has 
been marvelously developed for diagnostic examination and for 
therapeutic treatment of certain glandular disorders and growths, 
notably cancer. In the most recent developments primarily 
for investigations of atomic nuclear structure there is a bye- 
product exciting new suggestions for medical application. 
X-rays at a million volt or more have been finding applications 
for treatment of deep-seated cancer. Neutrons produced in 
nuclear transformations have been found to produce effects 
different from X-rays or radium and ^ggest advantageous 
application in modem therapy. Artificially produced radio- 
active preparations offer interesting possibilities for treatment 
and open up avenues for a great variety of new physiological 
investigations on a number of lines, such as blood circulation, 
tissue building and disintegration and the function character- 
istics of various organs of human and animal bodies. In 
physical therapy the application of high frequency diathermy 
and bloodless surgery is but one example of the application of 
forces studied by applied physicists and applied by the medical 
practitioner. The application of heat agency in the di‘=i''.rimi- 
native destruction of germs and growths is one of the newest 
forms of physical therapy which operates on the different 
threshold principle based on resistance and temperature. Quite 
recently an improved technique is being developed which 
consists in raising the body temperature locally by means of 
electromagnetically produced high frequency currents within 
the body in the region to be treated while the rest of the body 
is kept within safe limit by special cooling. Finally, it is not 
an idle boast to state that all the measuring instruments beginning 
from the thermometers to the portable cardiographs and the 
multitude of other devices are but the gift of applied physicists 
to the science and practice of medicine. 

I shall now place before you some of the specific industries 
and would indicate how applied physics is instrumental in their 
develo|>ment and growth. In this selection I shall take up first 
* Building Industry’ and 'Metal Industry’ as representatives 
of a class having age-old traditions behind it. I shall next 
take up ‘Electri^ Power Industry’ which has been effective 
in revolutionising aU the modem industries, then 'Refrigeration 
Industry’ which is the direct outcome of laboratory investiga- 
tions. From the modem industries I shall choose 'Automobile 
Industry’ and 'Aeronautics Industry’, the last being the youngest 
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of the lot and still in the adult stage requiring constant help 
from researches in applied physics. 

Buildikg Industky. 

Here one finds that aU our structures built to date, rest 
on earth and a fairly large part of the world’s construction 
|COst is in working the earth; yet through the centuries the 
very bottoms of our buildings have been designed on an empirical 
basis. It is only very recently that the investigations regarding 
soil mechanics have been undertaken. The first International 
Conference on Soil Mechanics and Foundation Engineering held 
a»t Harvard University in the summer of 1937 has disclosed a 
wealth of outlook and previous lack of understanding of some 
of the essential aspects of the subject. The problems arising 
under soil mechanics in connection with design of foundations, 
the stability of cuttings, though manifestly of the greatest 
concern to the civil engineers and contractors, have had to be 
treated empirically in the past owing to the absence of reliable 
scientific knowledge. For the most part, the formulae used 
for estimating the behaviour of soils have involved such drastic 
assumption as seriously to impair their validity for anything 
like general application, and it has not been difficult to prove 
by systematic experiments to demonstrate that suc^h relations 
as Coulomb’s Law, for instance, are, to say the least, unsatis- 
factory. The analytical approaches to soil mechanics suggested 
by Petterson, Terzaghi, Jurgenson and others appear to be far 
more promising than any of the old methods. The so-called 
bearing values of the major soil types embodying an accumulation 
of practical experience, obviously took no account of numerical 
factors infiuential in particular set of conditions and were 
uncertain to a degree and often demanded uneconomical factors 
of safety and expensive procedures of foundation design. The 
modem approach to this class of problem seeks rather to under- 
stand the mechanism by which settlement occurs, to take 
account of variations in the type, depth and thickness of the 
soils in adjoining localities and underlying strata, and to place 
the effects of weather and secular changes on a rational basis. 

At the present time an essential part of research on the 
subject is to obtain ‘settlement records’, as they enable correla- 
tion with the theory to be made and the types of settlement 
to be classified. From the experimental work so far under- 
taken it has been found that there are three types of settlement 
depending on the nature of the substratum. In the case of 
sand, the movements do not continue for any appreciable time 
after the construction, whereas for clay, the settlement continues 
for a fong time after construction approaching a horizontal 
^ymptote. With plastic clays and materials of h%h organic con- 
tent a similar gradual settlement is noted, but here the asymptote 
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is inclined. The settlement of a building with clay as the most 
important substratum may be quite small at the end of the 
construction, yet the final or total settlement may be many 
times greater. The procedure adopted for settlement analysis 
consists of the following. Firstly, the cores of the various 
substrata are obtained with a well-boring kit and for large 
structures one has to take the cores up to a depth of 50 ft. 
The second step is to ascertain the consolidation characteristics 
of the samples so obtained by laboratory tests. The consolida- 
tion characteristics were first studied by Terzaghi with the help 
of the special instrument devised by him and called oedometer. 
In the instrument the sample of core matcTial of definite thickness 
is placed in a brass cylinder between two porous stones which 
are in contact with water. The conditions of saturation and 
lateral restraint are thus simulated in the laboratory. Now, 
clay has an open microstructure as has been found from 'X-ray 
studies, but the dimensions of pores are very small and the 
resistance to fiow is correspondingly high. Under compression 
the clay as a whole can siiffer volume decrease mainly by the 
escape of some water from its pores until an equilibrium density 
is established. Theoretically this would take infinite time 
but in the laboratory such a stage is attained in about two days. 
By gradual increase of pressure similar consolidation process 
takes place and a new equilibrium density is reached. A 
number of such data gives the relation between the density 
and effective pressure. This is technically denoted as the 
void ratio for the material in question. Thirdly, a mathematical 
analysis of the stresses set up in the substrata by the foundation 
load is carried out. The theoretical aspect is that of finding 
an expression for the vertical stress at any point in a semi- 
infinite elastic solid due to a load on its surface. This has been 
worked out by Boussinesq as early as 1885. In order to arrive 
at the rate of consolidation one has to take account of the hydro- 
dynamic excess pressure ‘le’ in the pore water causing a flow 
at a distance ‘z’ from the surface of drainage after a time 'V 
from that of the application of the load and also the coefficient 
‘c’ of consolidation. The fundamental equation has a general 


nature 


I- “ ““ 


degree of consolidation 


is known from the data of compression at a time 'V and the 
total compression where fx is the ratio between the two afore- 
said quantities, one can solve the differential equation in the 

form ^ = / (^)> where ‘d' is the maximum drainage 

path. The relation between fx and N has been evaluated for 
a number of special cases by Terzaghi and Frohlich with the 
help of data secured with oedometer. Now, for any value of 
‘jV’ is known from the laboratory tests and ‘d’ from the 
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boring records ; the time settlement curve for any part of building 
atructure can be predetermined. It is, therefore, possible to 
design a foundation with a measure of certainty not possible 
with the older empirical methods. 

The paramount conclusions of the new work may be con- 
oisely stated as follows: — (1) The strains in a foundation which 
principally determine settlement and soil reaction extend at 
least to a depth equal to about twic^e the lesser horizontal 
dimension of the super-structure. (2) The depth of the founda- 
tion below the surface level has an important effect on the dis- 
tribution of strains in the soil below it. (3) The pile driving 
formulae are valueless for computing pile capacities in plastic 
soils owing to the fact that the side friction (which is the mam 
support of the static support in such materials) is temporarily 
oliminated by water lubrication during driving. (4) The settle- 
ment in plastic materials and those containing organic con- 
stituents in some proportion is not uniform under uniform 
loading but tends to be greatest in the middle of the loaded area. 
•(5) Compressibility of the soil materials depends on the initial 
arrangement, size and shape of the structure and grains as well 
as on the water content. For fine grained materials compression 
occurs very slowly and may take many years to complete owing 
to the water being retained in the pores. Its nature can be 
understood from micro-structure examinations and suitable 
laboratory experiments on samples of materials in an undis- 
turbed state. (6) The shearing resistance of granular materials 
depends on the stresses in the contained water and their ability 
to escape from the structure. (7) The lateral pressures of 
granular materials are affected to an enormous degree by small 
motions of the retaining surface within the mass itself so that 
arching may entirely modify the pressure and its distribution. 
<8) The existence of rather deep-lying strata of compressible 
materials may have decisive effects on the surface structures 
specially, if there be means^for the escape of water from them 
by pumping. 

JThe applications of these ideas have been tested in some of 
the structures designed and constructed within the last two 
years and it has been found to be very satisfactory. 

It is expected that structural engineers and designers of 
our land are conversant with this new outlook of their subject 
and a systematic and co-ordinated effort should be undertaken 
by the engineers and the applied physicists to determine the 
particulars for the type analysis of the underground soils. One 
could easily note that such analysis is of extreme import ;Dce 
in alluvial tracts where the soil characteristics are of varied 
nature and the calculations based on older concepts would lead 
to unecpnomic procedures leading to uncertain results. The 
question of design of sub-base structures is getting more and 
more into prominence due to their need for cold storage, safe 
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deposit vaults and due to the urgent necessity created by the 
grave international situation for air raid shelters and one cannot 
overlook the need and urgency of these investigations as they 
form integral parts of the super-structures. 

I shall just touch on brick building which is an ancient 
art and prehistoric in origin. The recent outlook on the subject 
would be interesting. Though the strength of bricks as derived 
from different types of clay and fired under different conditions 
has undergone considerable investigation, yet their surface 
resistivity is only being investigated quite recently. Here the 
technique of surface reflection, photometry and X-ray analysis 
has disclosed the porous nature of the surface layers and their 
effective resisting capacity against weather conditions. The 
moisture creeping factors of the bricks, by absorption through 
porous materials as sand plasters, have been the subject of 
investigation in a few laboratories and have disclosed considerable 
variation depending on the nature of grain structure and their 
transformation during the firing stage. 


Metal Indfstey. 

I shall now present before you the aspects of another industry 
which ordinarily appears to have very little to expect from 
applied physics. I mean the ‘ Industry of Metals ’ . Historically, 
it is more than a probability that the first metal industry was 
entirely one of applied physics. If as many archaeologists and 
historians believe, gold was man’s first industrial metal, it was 
recognised by its colour, and its high specific gravity was used 
as a basis for its separation from the lighter rock-materials. 
The ‘panning’ operation is prehistoric in origin. It is, however, 
used prolifically even today, not only in the prospecting for 
gold but also for many other heavy minerals, for example, 
tungsten, uranium, copper, lead, thorium and a large number 
of sulphides. The operation is indeed based on the application 
of Stokes’ law for the fall of sphere through a viscous medium. 
In its simplest form, the law states that under the action of 
gravity a sphere in a viscous medium fairly quickly acquires a 
constant velocity which is greater in a given m^ium, larger the 
sphere and the greater the difference in density between the 
sphere and the medium. In ore concentration, the pieces of 
rock are not spheres and the modification due to the shape has 
to be taken into consideration and has been investigated in some 
of the mining and ore separation institutes. The development of 
ore concentration machines, such as classifiers, jigs, shaking 
and rifiGied concentration tables, all take into account the modi- 
fication of the above-mention^ law in its different modified 
forms. In the ‘ore flotation’ process, there is the application 
involving surface tension and adhesive phenomena. It is 
well known to mining profession that certain minerals, such as 



66 Proc. 28th I,8,C-: Part II: Presidential Addresses. (8> 


sulphides, have greater adhesion for gas bubbles or" for oil than 
for water. Most gangue rock, like silica, shows more adhesion 
for water and still more for acidified water. A mixture of 
sulphide particles and gas bubbles and gangue particles in a 
solution may result in the bubbles attaching themselves tena- 
ciously to the sulphides until the average specific gravity of the 
ensemble is less than the solution and one gets the paradox — 
viz., that heavy minerals float. The preparation of froth, 
which helps to offer large surfaces f6r adhesion, has been the 
aim of these separators and various reagents for froth formation 
have been introduced from time to time. Quite recently this 
question of surface adhesion and surface layers has engaged the 
attention of physicists and the nature of ore surfaces are being 
investigated with ore microscopes and electron diffraction to 
elucidate the aspects of surfaces. 

If one considers other ore concentration methods, one finds 
that they could be classified either as pneumatic, magnetic or 
electrostatic methods and all of them are essentially based on 
physical principles. 

Turning our attention to the smelting operations, one finds 
that chemistry and physics work simultaneously in many phases. 
The separation of the slag from the metal is a purely physical 
process but chemical changes continue to function up to and 
after ingot pouring. In the furnace itself, there is continual 
heat exchange. The flow of gases under different temperature 
and reaction conditions is really regulated by physical laws. In 
the present practice of separation of flue dust from the blast 
furnace one finds an important application of applied physics. 
The magnitude of the operation would be realised from the fact 
that for each ton of pig iron, near about five tons of blast furnace 
gas have to be treated, containing flue dust which is eight to 
ten per cent of the weight of pig iron and the world production 
of pig iron for 1938 is more than 100 million tons. The device 
adopted for the purpose u^lises first and second laws of motion 
as well as Stokes’ law. The gas from the top of the blast furnace 
is allowed to enter a big chamber from the top and the velocity 
of the incoming gas flow is much reduced. It no longer can 
carry the same amount of dust suspended in the stream to be 
mechanically carried along with it. Most of the flue dust is 
projected to the bottom of the chamber which, after due sintering, 
is recharged mto the blast furnace. Quite recently, when the 
laws relating to the eddy currents in air and stream-line shapes 
were being investigated for the design of zeppelin bodies, it 
attracted the attention of an American blast furnace designer 
and he utilised the principle by attaching a stationary stream- 
line shape in the path of the incoming high velocity blast furnace 
gas. The gas hits this stationary surface at a speed of about 
forty miles an hour and the shape is so designed that the speed 
is r^uced to about four miles per hour and the eddy currents 
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are so far reduced that efficient separation of dust could be 
secured without any extra expenditure of energy. This new 
idea of stream-line has been utilised in the metallurgical opera- 
tion. Further purification of the gas is effected by proper 
washing, where high surface energy of water particles in drop 
form acts as dust catchers. For still further purification 
electrostatic precipitation process is utilised. This electrostatic 
prec ipitation process is weU known to applied physicists, as due 
to property of ions to act as nucleus for the attachment of 
fine materials whether in liquid or solid state. Tt is in principle 
the same as one finds in Wilson cloud chambers. The industrial 
use of this principle was first introdu(ed by 8ir Oliver Lodge 
and as a result, one finds the extensive application of the Lodge 
Cotterel process in the metallurgical industries to separate 
solid particles from smelter smoke either to make the smoke 
less objectionable or to recover the valuable fiue dusts or both. 

In the foundry, most of the operations are based on physical 
principles. One finds the temperature conditions suitable 
for casting operations, the nature of the fluid heads, the proper- 
ties of surface wetting, the viscosity of the molten materials 
and the^ frictional flow of the hot liquids. All the above- 
mentioned factors are regulated by laws actually discovered by 
applied physicists and have been appropriated and have become 
integral part of the art of foundry. 

The theoretical understanding of the nature of metals 
necessitates a close examination of their structures as well as 
the lattice constants. From the industrial point of viev'' the 
system iron-carbon is the basis of materials with remaiicable 
properties. It is further well known that pure iron undergoes 
modification with temperature, in four successive stages a, 0, y, 8, 
as its temperature is raised from cold to its melting point. 
In reality, these fall under two categories, namely, body-centred 
and face-centred cubic lattice, and a, 8 belong to the first 
type and y belongs to the second. The modification is not 
due to a change in the structure but indicates a change from 
the ferro -magnetic to the paramagnetic state. Now considering 
the alloys, pearlite is a combination of soft ferrite and hard 
cementite. One finds that the mechanical properties of un- 
hardened steel could be attributed to this. Austenite is the 
solid solution of carbon atoms in iron and Martensite is the 
glass-hard constituent of steel formed by quenching. For 
a long time its character was a matter of difficulty to metal- 
lurgists and it has been recently noticed that this fonn is due to a 
composite alloy of a definite lattice form. 'The nature of 
‘prison-bar' steel in which the hard core, formed of chromium 
steel, happens to be surrounded by a sheath of mild steel, also 
indicates a peculiar structure formation due to heat-treatment. 
The mechanical properties of different structures formed by 
iron and carbon are now being correlated with the theoretical 



68 Proc. 28ih 1.8.0. : Part II : Presidential Addresses. (10) 


ideas ooncerning the strength of materials. Theoretically 
the force requir^ to break a test piece of steel or any other 
material in tension should be thousands of times larger than 
what is observed in practice. In trying to explain this anomaly, 
one has to consider two types of materials, namely, the brittle 
and the ductile. In the case of brittle material, the failure 
is due to the fact that it never gives way simultaneously across 
the whole of its section as one has to assume in theory. In 
fact, the parting of the crystal starts at one place and proceeds 
across it since this stress is due to local intensification at the 
edge of the growing crack. Most probably a sub-microscopic 
crack in the material is the starting point from which this 
tearing process begins. In fact Griffith has shown the existence 
of ultra-microscopic cracks formed on the surface of vitreous 
silica when one touches it with the fingers; though the material 
when freshly prepared possesses very great strength if it is kept 
uncontaminated from external agencies. A ductile material, 
on the other hand, yields to stress. It is distorted as if the 
atomic planes are able to slide over each other like a pack of 
cards. This type of plastic fiow is well known from the behaviour 
of a single crystal of a metal in the form of a rod which could 
be puU^ out to several times its length by a very small force. 
In a general way one finds why metals in a state of purity are 
ductile whereas complex structures such as intermetalHc com- 
pounds are in most cases brittle. Atoms of a metal are not 
held together by bonds and so long as they are in close packing, 
many configurations may be possible. A distortion equivalent 
to a glide plane may take place without any serious disturbance 
of any one of the atoms. On the other hand, in a compound 
havmg complex pattern a largo amount of movement has to 
take place before any re-arrangement of the pattern is possible. 
The material will not yield as no intermediate stages can occur 
and it will rather break than yield. 

Now, considering the. subject of other alloys, one finds by 
taking the metallic elements two by two, the possibility of 
buildmg up a very large number of alloys. There is a striking 
difference between the structures produced by alloying two 
metals than those obtained by the combination of two elements. 
One could note that to form a chemical compound the products 
should be present in definite ratios whereas in a binary alloy, 
each phase constitutes an intermetallic structure extending 
over a range of composition. When examined by means of 
X-rays, each of these intermetallic phases is found to have its 
atoms arranged in a definite manner, some may be of the body- 
centred cubic, others may belong to the face-centred cubic 
types. In the chromium-aluminium system which has recently 
been worked out by the X-rays method, phases are so numerous 
that dleven successive notations are required to designate 
them. 
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The extent of the phases can be determined by the consi- 
deration of the free-energy of the alloys as obtain^ by X-ray 
experiments. The free-energy has to be minimum for the 
system to be in equilibrium. 

F = U^Tif, 

gives a relation between the free energy F, internal energy U, 
the temperature T, and the entropy of the system. The 
limits of the various phases can be ascertained from a plot of the 
free-energy values of an intermetallic system against the com- 
position. Even in the case of ternary system, this method 
has been extended by Bradley and Taylor who determined the 
phase boundaries of the iron-nickel-aluminium and other similar 
systems. 

The question of phase patterns has been studied by Hume 
Rothery in considerable detail. His rule enunciates that in 
similar phase patterns, there is the same ratio of free electrons 
to atoms. As examples one could cite the case CuZn, a body- 
centred cubic structure, the ratio of electrons to atoms being 
3*2 or 1-5. In brass this ratio is 1*62; though this rule has 
been found on close examination not to hold invariably, one 
may state that it is true in majority of cases. In order to 
have a general survey of the whole field of alloys, regarding 
their structure and properties. X-ray examination of the structure 
combined with consideration of free energy would lead to a 
better understanding of the nature of alloy-formation. Then, 
there is the question of the order and disorder change occurring 
in some of the alloys in the solid state when they are cooled 
from high to low temperature. X-ray analysis shows in the 
case of the alloys of copper and gold having CusAu as formula, 
the arrangement of the face-centred cubic lattice is a random 
one at high temperature, the position being occupied without 
any regularity by the gold atoms. On slow cooHng through a 
certain critical temperature, however, it is found that the atoms 
of gold travel to the cube corners and copper atoms to the face- 
centres and an orderly arrangement is set up. The iron- 
aluminium alloy of the composition, FesAl, also exhibits this 
order and disorder change. One might conclude that since 
the ordering force can be destroyed by temperature, the forces 
are weak in alloys. Quite the reverse phenomenon has been 
observed in some alloy systems in which certain atoms pass 
out of the lattice with the fall of temperature and are disposed 
of by segregation. The ternary compound *of iron-nickel- 
aluminium, FesNiAl, is found to be homogeneous at high 
temperature but when slowly cooled it is found to contain 
isolated clots or groups of iron atoms. This alloy has been 
extremely useful as the constituent material for powerful 
permanent magnets. 
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A very interesting application of the properties of solid 
solution between two metals, one of which is in a liquid condition 
and other in a solid state, is technically known as the process 
of ‘wetting*. The boundary layer, where such solution actually 
is formed, shov^^ definite characteristics of an alloy formation. 
This process has been utilised in the manufacture of electric 
contacts when a tungsten disc is welded to a steel shank. An 
intermediary thin disc of copper is placed on the top of each 
steel shank, the tungsten disc being placed on the top of the 
copper. The ensemble is placed in a furnace with a hydrogen 
atmosphere until the copper melts. It is found that copper 
in a hydrogen atmosphere tends to wet both the tungsten and 
the steel. In fact under the temperature condition, namely, 
about 1100°C, an adherent of copper and steel is first formed 
on which the tungsten disc appears to fioat. With a slight rise 
in temperature, nearly about 1250°C, the wetting action of 
tungsten and copper begins. At first the tungsten disc moves 
about on the surface of the molten copper in an irregular fashion. 
But as soon as the process of solid solution of the tungsten in 
copper starts, discs of tungsten align themselves so that they 
remain centrally on the top of the molten liquid. This formation 
of the solid solution along with the effect of the capillary forces 
is also utilised in the manufacture of the welding electrode 
materials technically known as Elkonite. Powdered tungsten 
is pressed into briquets and moderately heated but not sufficiently 
to close the pores. It is then placed in molten copper in a 
hydrogen atmosphere. Capillary forces cause the copper to 
fill the pores even above the level of liquid copper, and on cooling 
one can get the electrode elements sufficiently hard and durable. 

Another example of this type ot alloy formation is found 
in the recent manufacture of cemented carbide tools for the 
machine tool industry. Tungsten carbide first obtained by 
Moissan is a very hard crystal. The crystal aggregations are 
porous in nature and brittle due to the existence of sub- 
microscopic cracks between them Shrotter and Strauss tried to 
utilise this property of alloys and found that cobalt in a hydrogen 
atmosphere has the wetting property for the carbide. They 
compressed together powders of cobalt and tungsten carbide 
in a suitable mould and subjected them to moderate pressure. 
These were then put into an electric furnace with a reducing 
atmosphere and the temperature raised above the melting 
point of cobalt. They found that cobalt and tungsten carbide 
form a suitable matrix which retains the hardness quality of 
tungsten carbide intact. The material behaves more like 
diamond than like a metal. This has led also to the utilisation 
of the carbides of tantalum, titanum and molybdenum. These 
extremely hard crystals are soluble in each other in a wide 
variety of proportion at temperatures approaching their melt- 
ing points. Even at 2000°C, the wetting properties and the 
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solubility are quite high. The solid solution indicates properties 
different from those of constituent carbides. Tungsten carbide 
with 6% cobalt bond will easily scratch sapphire and inferior 
only to diamond in hardness. One can have an idea of its 
hardness from the fact that whereats high speed steel with 
18% tungsten contents has the Brinell number 800, that of 
the carbide with cobalt bond varies from 1400 to 2000. Its 
compressive strength is 500,000 Ib/sq. cm. It has negligible 
coefficient of expansion, practically half of invar steel and it is 
practically non-magnetic. Wide variety of application has 
been found for these carbides, namely, as substitute for diamond 
dies^ for wire-drawing industry and for valves and valve seats 
of pumps. The only difficulty about the material happens to 
be that it is incapable of being machined and can be only worked 
with suitable grinding devices. 

Now, I would like to present before you just another applica- 
tion of a technique, developed by applied physicist, opening up 
possibilities for a rapid quantitative determinations of the 
different ingredients of ferrous and non-ferrous alloys, I mean, 
spectroscopy. It is well known that as far back as early eighties 
of the last century Hartley first made a systematic study for 
the purpose. His work on beryllium and cerium indicated that 
when these elements are present in a matrix or body of other 
materials in small and decreasing quantities, its spectral lines 
gradually grow weaker and disappear in a definite order. Though 
Pollock and de Gramont demonstrated the utility of this tech- 
nique, it remained ignored and forgotten till recently, fhe 
first lead in the subject was from the workers of the spectro- 
graphic laboratory of the National Bureau of Standards, U.S.A., 
in 1922, when Burns, Meggers, Kiess and Stimson showed that 
given proper attention, this method leads to fairly accurate 
results. W. Gterlach in Germany started a systematic investi- 
gation to enquire into the different factors necessary to get a 
correct interpretation of results. The present practice is based 
on his observations, namely, the adoption of an internal 
standard in the material to be investigated. A selected pair 
of lines, one from the major and the other from the minor 
constituent of the material in question at a definite ratio of the 
constituents, is selected. With the gradual diminution of the 
minor constituent the intensity of the line undergoes diminution 
in a definite fashion, and it is thus possible to arrive at a fair 
estimate of the percentage of the minor constituent. Further- 
more, he found that there are homologous pair qf lines in the 
spectra which have equal intensity under definite percentage 
ratios of the two elements. Within the last six years more 
than hundred workers are engaged in the subject and fairly 
large amount of literature has now been secured. Not only has 
the technique been efficiently adopted in many of the large 
metallurgical estabUshments in America and Europe but also 
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its importance lias been instrumental in its adoption by the 
different ammunition and ordnance factories. In the routine 
analysis of the different constituent, for example, of the admiralty 
brasses in England, it has been found that 0'0007% of bismuth 
could be accurately estimated taking copper lines as the internal 
standard lines. 


Elbotbioal Power Industry. 

I shall now consider ‘ Electrical Power Industry ’ , an industry, 
little more than half a century old and is the direct outcome 
of physical research. The activity of Michael Faraday may be 
described as being repeatedly and continuously manifest on a 
large scale, in most varied manners, giving demonstrations of 
his law of electromagnetic induction. Magnetic fields in iron 
link electric current in coils, in generators, motors and solenoids 
in endless profusion, all over the world. The first electrical 
engineers were the great applied physicists, — ^Kelvin, Weber 
and others. The common electrical units volt, ampere, ohm, 
henry, farad, watt with one exception, are named after the 
renowned applied physicists. 

I shall try to limit my subject by considering only the 
generation and distribution of power and exclude from it 
utilisation or conversion of electrical into other forms as light, 
heat, or electro-chemical processes. I shall treat, however, the 
field of communication which also transmits electrical power 
but at higher frequencies. In this restricted field I shall deal 
first with an aspect of physical investigation, which has come 
to the fore-front recently, viz., the ‘Electric Discharge in Gases’. 
One meets this phenomenon practically at every point starting 
from the generation and leading up to the final utilisation circuits, 
sometimes serving very useful purpose and some other times 
as a disturbing factor leading to the failure of electrical circuits. 
The extent of the subject Can be realised from the consideration, 
viz., that the present practice of power generation begins with 
the direct production of alternating current from abou!i 11,000 
to 33,000 volts. This voltage is then stepped up by transformers 
to a value suitable for transmission over short or long distances 
ranging from 22 to 287 kilovolts; this last value being used for 
transmission across a distance of 240 miles. For transmission 
system of intermediate high voltage, one finds it ranging from 
2*2 KV to 6*6 KV for local distributions. For domestic and 
industrial utilisation circuits the voltage would be from 110 to 
600 volts. 

Let us begin with the alternating current generator with its 
exciter provided with a commutator and brushes for the genera- 
tion of (lirect current to excite its field. Here one finds commu- 
tators depending for its proper functioning on the discharge 
between the brush and the receding commutator segment. 
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ISirther, one finds that the corona discharge in the minute air 
space between the insulated coil and the slots creating trouble- 
some factors for the generator design. Next is the power 
switch, which functions by means of an arc between separating 
electrodes. In the oil circuit breaker, one finds the formation 
of the arc in a gas bubble formed by the decomposition of the 
oil. One has to alter the shape and disposition of the bubbles 
so that a short arc may be capable of performing its task of 
current interruption. 

Let us now consider the transformer. In the design of its 
components, one has to reckon its different members, viz., the 
coUs, core, the bushings and everywhere one finds devices whereby 
the baneful effects of discharge may be safeguarded. 

In the transmission lines, as a serious disturbing fac'tor one 
encounters the high voltage heavy current discharge-lightning. 
This has led to the provision of the lightning arrester, a device 
to produce protecting discharge to counteract the damaging 
effect of the lightning. Its spark-gap has to initiate the dis- 
charge and also to co-operate with other elements of the arrester 
in terminating the discharge after the passage of the lightning. 
Here the major tool for studying such problems is the cathode 
ray tube and the guiding element is the theory of ionisation 
in gases promulgated by the physicists. The modifications 
necessary in Townsend’s theory to meet the conditions of high 
pressure and high breakdown voltage have been worked out by 
physicists but it was Rogowski, who after detailed series of 
investigations, indicated the need for the modifications. In Ke 
recent introduction of the ‘protective tube’ type arrester the 
spark gap is so ingeniously designed that the discharge passes 
down a tube made of fibre. The heat of the discharge decomposes 
some of the fibre into gas which passes through the discharge 
at such pressure and velocity as to extinguish the power arc 
at the instant when the current reaches the zero value. The 
flow of power through the conductor of the transmission lines 
is due to the magnetic and electric fields surrounding it. One 
has to avoid the formation of corona discharge from the con- 
ductors due to the overstressing of the air surrounding it. The 
nature of corona discharge has been the subject of study by 
applied physicists and engineers and still there remains a consi- 
derable amount of empiricism which could only be satisfactorily 
understood by their joint efforts. 

It wiU be pointed out in the next section how different 
types of dielectrics are being requisitioned to avoi4 the harmful 
effect of these'discharges. In the low tension circuits, the power 
fuses have to be designed to suppress arc formation. In a 
recent type, boric acid has been introduced to supply steam in 
small quantities sufficient to check the arc. 

Considering the conversion of A.C. power to B.C., one finds 
the introduction of an arc formation device through the mercury 
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vapour. The mercury arc rectifiers have been rapidly replacing 
the djnamio type of machinery for conversion purposes in 
railway, industrial and electro-chemical processes. Here, the 
cathode spot in the mercury pool is kept in an excited state 
by the maintenance of a ^scharge to it from an auxiliary 
electrode or other main electrodes. In the ‘ignitron’ type of 
mercury arc tube, which is now- finding industrial application, 
one finds a stationary rod of high resistivity material dipping 
into the mercury pool. It has been possible to produce at the 
junction, a concentration of electrical field and current fiow, 
similar to that which occurs at separating contacts, leading to 
the formation of the cathode spot of an arc. In this tube the 
stability is maintained by placing the anode directly in the path 
of the vapour stream coming from the cathode spot. Tanberg 
observed that the vapour coming from the cathode spot at low 
pressures has an extraordinarily high momentum and energy 
corresponding to more than hundred volts. Such high velocity 
stream formation, though at first doubted by some, has now 
been confirmed and one can now understand it as due to multiple 
ionisation of the atoms. 

Incidentally, one is led to consider the discharge phenomena 
in low pressure devices such a*^ the ‘thyratrons’ and ‘grid glow 
tubes’. Here the heated thermionic cathode provides the 
available electrons when a proper potential difference is applied, 
Here the formation of the plasma suggested by Langmuir 
satisfactorily" accounts for the development of the discharge. 
In the low pressure gas tubes, there is a curious limit to the 
magnitude of the current that can pass through it. This sets 
a limiting value to the current depending on the pressure. 
When this value is exceeded, a kind of instability sets in, due 
to which, the discharge is sharply interrupted and re-established 
repeatedly in an erratic fashion. This has also been accounted 
for as due to a high degree of ionisation in the gas and it has 
been suggested that the effect is due to pumping of a high 
vacuum by the motion of the positive ions. 

Let us next discuss in a general way some of these applica- 
tions in power systems and find the problems common to them. 
Looking from this aspect one finds the initiation of the useful 
discharge, then their proper termination and finally the preven- 
tion of restarting after the current has attained zero value. 

The initiation of discharge in switches and commutators 
takes place so simply and so spontaneously by the mere operation 
of separating contacts and the problem of terminating the 
discharge is frequently so difficult that one does not appreciate 
the usefrl function performed by it. If, however, one considers 
the fundamental aspect of Faraday’s law, one finds that the very 
existemce of the power system depends upon it. Without this 
device sudden high voltage will develop if the current is actually 
reduced to zero value quickly at the moment of separation 
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of the contacts. This moment is to be synchronised with the 
instant of the zero current value of the alternating power so that 
the electrostatic capacity of the system can absorb energy and 
thus avoid the dangerous high voltage formation. In general 
however, the capacity is so small that a very close synchronising 
would be necessary. Here the^discharge in the gas comes as 
a safeguard rendering the separation of contacts at the desirable 
condition, effecting the safe interruption of the circuit at the 
following zero point of the current cycle. 

There have been attempts to interrupt the circuits by 
dispensing with the separating contacts as in the case of the 
brush on commutators where the area of contact between the 
brush and segment, beginning from a maximum, approaches 
zero continuously as the segment moves away from the brush. 
Here even as theoretical treatment shows, there is the necessity 
for a close synchronisation with the course of the current and in 
practice, it is imperfect. A discharge is operative in the last 
conduction of current. It is thus manifest that in the case of 
all successful dark commutation, the final step of the interruption 
of the current is performed by the glow effect, however feeble 
that may be. 

The next problem, viz., that of prevention of the restarting 
of discharge after the current value has fallen to zero is accom- 
plished by setting up conditions such that either the positive 
column or the cathode spot or glow cathode cannot re-form 
themselves. For high voltage switches it is the positive column 
that has to be suppressed. Various means are provided to 
compel the positive column to have such a small section at 
the stage when the current has fallen to the zero value that 
its temperature and degree of ionisation fall to too low values 
for its re-establishment. Here one has to take into consideration 
the thermal ionisation theory of positive column worked out 
by K. T. Compton. The solid barriers with restraining magnetic 
field in the ‘de-ion-grid’ circuit breakers, the motion of the 
cold oil under pressure in the ‘oil blast’ breakers and the motion 
of cold air in ‘gas blast’ breakers, in the ‘expulsion’ type fuses 
and in ‘gas blast switches’ are the developments introduced 
in the field of electrical engineering practice. 

In mercury arc rectifiers, ignitron, thyratron, grid glow tubes 
and low pressure gas discharge tubes, the absence of a cathode 
spot and insufficient voltage to maintain a glow cathode are gener- 
^y utilised to terminate the discharge upon reversal of polarity. 

The low gas pressure raises the voltage necessary to maintain 
the glow cathode, and so permits relatively high voltages to be 
h^dled. However, all these devices are subject to a type of 
failure. Occasionally and at random moments, in spite of the 
absence of conditions, which the present theory would regard 
^ necessary, a cathode spot is formed at the moment of 
incorrect polarity and causes a short circuit in the device. The 
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statistical frequency of the occurrences of these ‘back fires* 
or ‘arc backs* is such as to indicate that possibly molecular 
aggregates are involved which may be impurities on the cathode 
surfaces or particles in Brownian movement through the gas 
coming in contact with the anode. It is also found that 
frequency of occurrences of these ‘arc backs* increases rapidly 
when thirty or forty kilovolts are exceeded, so that the problem 
of this type of tube for very high voltages remains still unsolved. 
This phenomenon is of great technical importance, fbr on its 
successful solution rests the high voltage (firect current power 
transmission which is the subject-matter of frequent discussions. 

It is thus evident how ‘the electrical conduction in gases’ 
crops up at every point in an operating power system. 

I shall next treat how the investigations about the nature 
of dielectrics is of extreme importance in maintaining the power 
systems. The problem of insulation plays an important r61e in 
the development of electrical power industry. Consequently, 
there has been a continuous fiow of researches in the field 
of dielectrics: — gaseous, liquid and solid. Broadly speaking 
these researches are of two general types. The first is that of 
fundamental character and is carried out by applied physicists 
with a view to secure an insight into the mechanism which 
eventually may lead to an understanding of the useful properties 
of dielectrics and their behaviour when used as insulators. 
These properties are dielectric constant, electric conductivity, 
breakdown strength, dielectric loss and power-factor. The 
term ‘dielectric behaviour* usually refers to the variation of 
these properties with frequency, temperature, voltage and 
composition. The second type of research is that in which 
efforts are made by engineers to develop directly improved 
materials and methods of insulation under the conditions of 
normal service by utilising any new discovery or suggestion 
made through researches of the first type. 

I shall now present ‘ before you some of the recent funda- 
mental researches in the field of dielectrics, particularly those 
which have a bearing on the application of dielectric properties 
to the problem of electrical insulation in power industry. 

From the standpoint of insulation, the ‘breakdown strength* 
of a dielectric is worthy of our first consideration. Persistent 
efforts particularly those using cathode ray oscillograph and 
other methods for following short time phenomenon have, 
however, resulted in a well-developed theory which has been 
universally accepted to explain the mechanism resulting in the 
electric breakdown of gases. The basis of this theory is the 
Townsend picture of ionisation by collision for which important 
modifications, due principally to the part played by the positive 
ion in the final spark over, have been necessary. Bogowsky 
and Wallraff have examined the question whether the break- 
down over large gaps are due to local high stresses caused by 
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space charges or to ionic bombardment of the cathode. They 
have concluded that the beginning of breakdown must be 
attributed to the ionising action of the positive ions. W. F. 
Bowls has reported that the secondary ionising mechanism 
necessary for the increased production of electrons requisite 
to spark over is not due to positive ions in the gas, but to the 
liberation of new electrons, by the bombardment of the positive 
ions in the gas on the cathode. 

Theories of dielectric strength and breakdown of liquids 
take a wide range. The Schumann-Nikuradse theory of break- 
down ties in the current voltage characteristic in much the 
same manner as now accepted for gases, and accounts the 
failure as an internal collision ionisation phenomenon Kopple- 
mann and Gemant invoke an electrode layer imder high stress 
due to space charge acting on a layer of absorbed gas, thus 
creating gas pockets or filaments leading to gaseous ionisation 
and breakdown. Pure electric breakdown is apparently due 
to electric collision-ionisation and is recognised only in the 
purest liquids. Thermal breakdown on the other hand, due to 
the liberation of gases by heating, in impure liquids, is also 
evident in many cases. 

The breakdown behaviour of commercial insulating oils is 
of special interest. It has been found that their electric strength 
increases with their degree of purity. 

Large amount of important work has appeared concerning 
breakdown in solids. In this connection, the conclusion of 
S. Whitehead, supported by Von Hippel, is worthy of note. 
According to these authors, electric breakdown in solids is to 
be understood as an electron collision phenomenon originating 
through an excess number of electrons in the lattice. The 
frictional losses of these electrons are due to the oscillations 
which they excite by electrostatic influence in passing the ions 
of the lattice. This friction may bo expressed as a function 
of the electron energy. Beyond the maximum value of this 
function, the frictional retarded motion of the electrons passes 
over into an accelerated movement down the potential gradient. 
Electric breakdown thus occurs primarily tliurough the setting 
up of electron collision ionisation channels. The directional 
breakdown noted in crystals is a result of the shape of the 
excitation function, which is dependent upon the direction of 
the path with reference to the kittice and also upon the high 
gradients that result from the accumulations of space charge. 

It has been found that the dielectric strength of solid 
insulators decreases markedly with increase of frequency. 

Besearches have been conducted by several physicists to 
study the process leading from initial ionisation to self-supporting 
spark or arc discharge. These studies are of special interest 
because ,of their obvious bearing on the mechanism of various 
protective equipments used in power industry. 
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Incidentally, it may be mentioned here that the dielectric 
losses in oils in the low-frequency range, are commonly due 
to ionic conduction. As the frequency is raised through the 
radio range, dipolar losses begin to appear. The variation of 
power-factor or of dielectric constant with frequency is not 
sharp. This want of sharpness has been attributed to the 
presence of several constituents having different values of 
ionic mobilities and dipolar properties. 

The problem of ‘stability’ in oils has engaged the attention 
of physicists for some time. They have divided the oils into 
two groups. In one group are oils of the transformer type 
which are used for submersion and in which the important 
properties are continued fluidity and dielectric strength. In 
the other group are the oils used as impregnants, as found 
principally in capacitors and high-voltage cables. In the fleld 
of transformer oils, the action of oils on metals has been 
investigated. It has been found that copper gives the largest 
quantity of sludge. A relation has been established between 
the percentage of aromatic constituents in the oil, the frequency 
of the applied voltage and the amount of sludge formed. It 
is suggested that to prevent corrosion by insulating oil, copper 
should be protected by a layer of another metal, tin and lead 
being found useful for this purpose. It is stated that acid is 
not a determining factor in corrosion and water has no un- 
favourable influence on the dielectric loss of transformer oils. 
Stability in impregnating oils has been a problem for years. 
Instability is the word used to describe the slow deterioration of 
high-voltage impregnated paper cables. It has generally been 
assumed that the causes are to be sought in the impregnating 
oil. It has been found further that oils havmg a large ratio 
of dielectric constant to density show rapid deterioration under 
oxidation. Gaseous ionisation is known to be an important 
deteriorating agent probably through changes in the oil due 
to ionic bombardment. It is not always possible, however, to 
account for gas pockets or bubbles in well-impregnated insulation. 

The impregnated paper power cable continues to receive 
intense study. The chief problems are the reduction in wall 
thickness through increased dielectric strength, permanence or 
stability as inherent in the properties of the basic materials 
and in the suppression of gaseous ionisation. 

G. B. Shanklin has found that there is considerable improve- 
ment of power factor of impregnated paper, treated with carbon 
dioxide during dr3dng and impregnating process. Though 
lead is not an insulating material, the le^ sheath is a vital 
element in preserving the inherent properties of cable insula- 
tion# Improvements of lead sheathing technique are progressing. 
Especially noteworthy are the vacuum press (Atkinson and 
McKnight) for limiting oxidation and gas inclusions during 
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leading, the hydrc^en press (Shankling) for similar .purposes 
and other measures for greater uniformity of the resulting metal. 

Physical structure and dielectric loss of impregnated paper, 
as related to the amount of contained air and under changes of 
voltage, temperature, frequency and pressure, are reported by 
P. Junius. The conclusions are, that the shape of the power- 
factor voltage curves at different temperatures changes very 
little in a dielectric containing large amounts of air. On the 
other hand, the shape of these curves varies noticeably in well- 
impregnated cable. In the latter case the change of power 
factor due to temperature change may be much steeper than 
that for a cable containing air. An increase of pressure by one 
atmosphere is sufficient to cause a flat loss- curve in a cable 
which contains much air. 

The pressure principle has also received extensive trial. 
The advantages of pressure on the dielectric are increased 
dielectric strength and the suppression of internal gas voids. 
The problem is therefore to ascertain the most reliable method 
of applying the pressure either by an outside gas or liquid 
medium or by hydrostatic pressure inside the cable and also 
the proper ranges of pressures for securing best results. It has 
been found that oil-filled cable for the higher ranges of voltage 
is very suitable. 

C. A. Grover discusses the feeding of oil to an oil-filled 
cable, with a detailed development of a method which permits 
a computation of pressure conditions resulting from tempf'rature 
variations through the cable and at the feeding points duo to 
load variations. The Callender Company has developed a 
single conductor impregnated gas-pressure cable with rating 
of 200 KV. conductor cross-section, 420 sq. mm.; thickness 
of insulation 23*6 mm. A small space is left between the 
impregnated paper insulation and the lead sheath. This space 
is filled after s/ssembly with dry nitrogen at 14 atmospheres 
excess pressure, the lead sheath being heavily reinforced with 
copper tapes. 

The causes of instability and deterioration continue to 
occupy our chief attention. In recent years we appear to have 
pass^ through a series of modifications in our ideas of the 
principal causes of cable deterioration. We have noted as 
chief suspect in successive periods, high inherent power-factor 
and loss, gaseous ionisation, wax-formation and oxidation. At 
the moment we appear to be leaving the oxidation period and 
reverting to that of gaseous ionisation through new methods 
for studying free gas spaces in the cable. 

Careful studies are reported of the stress at which gaseous 
ionisation begins and as related to different grades of paper. It 
is stated that both nitrogen and carbon dioxide are the best 
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Of outstanding interest during the past few years is the 
progress in the development of new insulating materials of both 
plastic and ceramic types. Especially noteworthy is the range 
of physical properties available in several new plai^ic materials. 

Conspicuous among the new plastics are the various poly- 
merised forms of monomeric styrol. Several investigations have 
been carried out on the applications of styrene. Of special 
interest is the control of the induction period of polymerisation 
and the rate at which the latter takes place. This has permitted 
the pre-impregnation of paper tape with the monomer with 
certain admixtures, preventing the sticking of the tape in rolls, 
polymerisation being effected after application, for example, 
in a cable joint. The possible use of styrene instead of oil 
as a saturant for high-voltage paper cable has been suggested. 

Improvements have also been made in the composition of 
artificial rubber which is found to possess a number of advantages 
over natural rubber. The vulcanised synthetic rubber is 
replacing natural rubber in high-voltage rubber-insulated 
conductors, in water-proof insulated wiring and m many other 
cases. Thermoplastic synthetic rubber materials are replacing 
fibrous insulating materials in a number of services. 

Numerous classes of synthetic resins have also been 
developed. Since November 1934 about one thousand new trade 
names for resin offered as insulation have appeared. 

Many new ceramic materials have also appeared. New 
developments in ceramic for insulation are confirmed principally 
to those for radio service. All these materials have been 
introduced as insulators to meet the demand for low dielectric 
losses in the high-frequency range. 

I shall now relate to you just a few items of interest in 
the field of communication. The rapid expansion of Wire and 
Radio Communication Systems after the close of the World War 
in 1918 has necessitated the development of various communica- 
tion industries utilising the results of fundamental researches. 
Limitation of space does not permit me to deal with more than 
a few of the researches which have been of wide application. 
In transmission of telegraph signals over circuit, the speed of 
signalling in bands or words per minute varies inversely as 
the product of total capacitance and total resistance of the 
circuit. The long cable circuit, specially of submarine type, 
has large capacitance and large resistance and thereby the 
speed of signalling is reduced to 60 to 60 words per minute. 
The effect of this inherent capacitance could be overcome by 
increasing the circuit inductance, that is, by ‘loading* the 
circuit. 

The case of transmission in message and broadcast pro- 
gramme telephony is more complicated since it involves a large 
frequency band (i.e. 100-4,000 c.p.s. for message and 31-10,000 
for broadcast programmes. It follows from theoretical consi- 
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derations that the product of circuit capacitance and resistance 
(C . R) must be equal to the product of circuit inductance and 
U ^’^anoe (L . G) in order to have the transmission loss and the 
vuocity of propagation same at all frequencies in the band 
thereby eliminating the frequency and phase distortions. In 
trunk cable circuits this can be roughly realised in practice by 
inductance (L) either by insertion of loading coils wound over 
magnetic material cores at intervals or by wrapping magnetic 
material tapes helically over the conductors. 

The requirements of a loading coil are (1) the permeability 
should be hi gli and remain constant for all frequencies; (2) 
eddy current and hysteresis losses should be negligible for all 
frequencies in the band; (3) leakage or superimposed D.C. 
should not alter the working point on the magnetisation curve 
appreciably; (4) the ratio of resistance to inductance of the 
coil should be very small for all frequencies ; and (6) coil size 
should be as small as possible. For the continuous loading, the 
magnetic material tape should be very thin about 1/10 of a mm. 
and at the same time the increase of inductance should be 
adequate for the purposes, thus requiring a material which has 
a high permeability for currents of the order circulating in 
telephone circuits. At the same time the requirements (2), 
(3) and (4) mentioned above for loading coils must also be 
satisfied. 

ElectrolyticaUy deposited iron in the form of dust has 
served as core material of the loading coils till recent years, 
while 78*6-permalloy tape has replaced iron tape for continuous 
loading since about two decades. There has been still sufficient 
room for improvement in both. The audio transformer used in 
radio equipment or connected between transmission line and 
programme repeater requires its response characteristic to be 
strictly uniform from 30 to 10,000 c.p.s. or even more. For 
cores and pole pieces in loudspeakers it is necessary to have 
high permeability in the range of flux densities between 10,000 
and 20,000 gausses. Use of iron dust in audio transformer and 
of stalloy in loudspeaker fails to give the desired performance. 

The study of the magnetic properties of certain alloys of 
iron, nickel and cobalt has revolutionised the design of loading 
arrangement in telegraph and telephone transmission systems, 
of audio transformers and retardation coils in communication 
equipments and of cores and pole-pieces in loudspeakers. 

The properties of these alloys were discovered through 
exhaustive researches in which aU possible combination of three 
metals — ^iron, nickel and cobalt — ^were explored.' The factors 
which contribute to the properties of the alloy the purity of the 
elements used in the alloy, their preparation and the heat 
treatment. 

The permalloy series includes nickel-iron alloys containing 
30 to 96% of nickel. Remarkable variations in magnetic 
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properties with composition are revealed in this series of alloys. 
The initial and maximum permeabilities of 45-permaUoy under 
standard practice of heat-treatment are 2,700 and 23,000 
respectively. For cores requiring high permeability for flux 
densities between 10,000 and 16,000 gausses, this alloy is 
specially useful. The design of cores and pole-pieces for loud- 
speakers may be done with advantage with this alloy. In 
78‘6-permalloy, quenching gives a higher maximum permeability 
than in any other permalloy and initial and maximum per- 
meabilities of 10,000 and 106,000 respectively are developed. 
The hysteresis loss and the coercive force of quenched 78-6- 
permalloy are minimum. This alloy is suitable for continuous 
loading of telegraph and telephone cables. The negligible 
magnetic losses, non-alteration of magnetic properties with 
D.C., higher core permeability and material decrease in the 
size of loading coils have led to the use of improved 80-permalloy 
dust core in them. For audio transformers, both 3*8~78-6- 
permalloy and 3-8-80-Mo-permalloy have been used and uniform 
response from 30 to 16,000 c.p.s. have been obtained. 

Perminvars are alloys of nickel, iron and cobalt. The 
constancy of permeability and extremely low hysteresis loss 
makes 46-26-perminvar the right material for applications where 
distortion and energy loss are detrimental to h^h grade trans- 
mission. Since the discovery of the properties of perminvars, 
they have been used for chokes, audio and carrier frequency 
transformers, filter elements, etc., in equipments designed for 
high grade transmission. It is specially suitable for continuous 
loading of long submarine cable circuits for voice-frequency or 
carrier frequency operation. 

Permendurs are alloys of iron and cobalt. The principal 
magnetic property of these alloys is high permeability in the 
range of flux densities between 10,000 and 26,000 gausses. 
Permendurs have been applied with success to the design of 
cores and pole-pieces in loudspeakers and certain special types 
of telephone receiver where their principal magnetic property 
has been utilised to the best advantage. 

One of the most recent advancements in communication art 
has been the wide band transmission on circuit between two 
stations to give as many as 240 or 820 high grade telephone 
channels simultaneously by employing the frequency range 
*06-1-024 Mc./s. or 0-6-2-1 Mc./s. depending upon the number 
of channels. Such multi-channel carrier systems are worked 
on coaxial cables on four-wire principle. If one and the same 
coaxial cable is used, two coaxial circuits are provided therein, 
one of them for transmission of bands in one direction and 
another for transmedsion of bands in the reverse direction. 
If two separate coaxial cables are used for two directions, then 
each cable consists of one coaxial circuit only. 
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The coaxial cable circuit is much more suitable medium 
than open-wire and ordinary cable circuits for transmission of 
higher frequencies as mentioned above. Among the various 
advantages like ease in construction and maintenance, lower 
cross-talk level, etc., may be mentioned the lower transmission 
loss of pronounced stability. Loss in a transmission circuit is 
made up of (a) conductor loss, (5) insulator loss, and (c) radiation 
loss. In coaxial cable circuit, the radiation loss is negligible 
since the unearthed central conductor is entirely surrounded by 
earthed concentric conductor, and insulator loss is considerably 
less and further much more stable. The other factors remaining 
constant, the reduction and stability of loss depend entirely 
upon the type of insulator used. 

When the system was first launched into the field, the 
coaxial cable had its central copper conductor supported at 
intervals of f inch by hard rubber discs. In recent years, 
improvement in reduction of insulator loss and obtaining higher 
stability has been realised by use of polystyrol compounded 
with rubber or balata under trade name of ‘ Superstyrex \ 
Earliest reference to the electrical characteristics of the solid 
polystyrol is contained in a patent by Matthews in 1913 where 
the inventor proposes to replace hard rubber, celluloid, vulcanite, 
ebonite, glass, wood by polystyrol or polystyrol compounded 
with rubber. The International Telephone and Telegraph 
Laboratories, Ltd., subsequently took up the studies of polystyrol 
with particular regard to its application to the iosulatic’* of 
cables. From this study a number of patents evolved dating 
from 1929 down to the present day dealing first with combina- 
tions of polystyrol with rubber, balata, etc., of a thermoplastic 
nature suitable for extrusion but later with other processes and 
applications. 

The permittivity of polystyrol is low {2-2 to 2*6), and its 
insulation resistance under A.C. or I>.C. voltages is very high 
even at high temperatures or under high humidity. The material 
retains its high grade insulating properties even after immersion 
in water and this fact has led to its use as submarine cable 
insulator replacing guttapercha. The inclusion of chemical 
impurities in the material during manufacture appreciably 
affects the conductance of the material to the extent that power- 
factor varies from -0001 to -0006. While dielectric losses of 
this order may, from some points of view, be neglected, there 
are other electrical insulation problems of the type involved 
here in which the increment of even small dielectric losses are 
of importance. 

^mmercial utilisation till recent years has been hampered 
by the absence of supplies of monostyrol, the basic material, 
on a commercial scale. This is now available from chemical 
plants in several countries. 
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In addition to the application in coaxial cable referred to 
above, widespread application of the material to condensers, 
moulded castings, etc., has already begun. Lacquers have been 
developed and there is a tendency to use polystyrol for all 
cases where the highest grade of insulation is in demand. 

The outstanding problem is that of employing a hard, 
glass-like material in situations where toughness, flexibility, etc., 
are required. This necessitates engineering work of a high order, 
firstly, to design the form of insulation of the cable, apparatus 
or machine in such a way that a variety of ‘ Superstyrex ’ may 
be manufactured to suit; secondly, to design a suitable variety 
of ‘Superstyrex*. In the latter problem, little or no reliance 
can be placed on plasticisers. In general, plasticisers are 
considered as impurities particularly in applications involving 
H P. alternating fields. 

I would now turn to the most important branch of com- 
munication industries, namely, thermionic vacuum tube industry 
and consider some of the problems associated with the design 
and manufacture of modern receiving tubes. During the last 
fifteen years, the efforts of tube manufactures all over the world 
have been concentrated to increasing the performance of receiving 
tubes by evolving several new types for special purposes and by 
improving existing types by modifications in the mechanical 
design, improvement in electrodes and cathodes, better arrange- 
ment of insulating and spacing the electrodes and exhaustive 
studies on ‘gas properties’ of electrode materials and on ‘getter’ 
materials Some new contrivances like ‘grid-winding machine’ 
have to be invented. A study of the causes and methods of 
reducing ‘noise’ has also received due attention. Develop- 
ments in radio receiver design are continually demanding new 
types of tube and modifications to existing ones. The manu- 
facturing plant must therefore be sufficiently flexible to allow 
changes to be made rapidly. 

A close control has to be made of the mechanical properties 
of materials used for components. The manufacturer is limited 
in his choice of metals for electrodes to only those which have 
high melting-points and low vapour pressures even at temper- 
atures as hi^ as 1000-1100® C, the temperature reached by 
the electrodes during pumping operation. Nickel is invariably 
employed as the plate material and for electrode support wires. 
It is not sufficiently rigid for the winding wires of grids for 
which alloys containing molybdenum or nickel-manganese 
alloys are used. Iron is sometimes used as plate material 
for screen-grid tubes in which the anode is in the form of two 
plates. 

The manufacture of ‘grids’, which a few years ago, was an 
extremely laborious process, is now carried out on special 
machines called ‘Grid- winding machines’ capable of winding 
as many as 200 to 1,000 grids per hour. The grids are wound 
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in lengths of about 60 cm. and subsequently cut into the required 
lengths. By operation of a cam on the machine, gap or gaps 
can be introduced in the winding of grids which are necessary 
for a variable-fi characteristic. It will be realised that uniform 
mechanical properties of the wire for winding grids (which are 
of course always slightly larger than the mandrels on which they 
are finally pressed or stretched) are very essential. Also the 
strain introduced during final shaping must be small, Otherwise 
distortion will occur on heating. 

Equally imj)ortant are the ‘gas properties’ of the electrode 
materials. The term ‘gas properties’ includes not only the 
amount of gas which may be included in the metal but also 
the capacity of the metal to ro-adsorb gas on its surface. This 
last factor is in some cases much more important than the 
first. Investigations of the sources of gas in receiving tubes 
have revealed that carbon dioxide adsorbed by the electrodes 
during decomposition of the barium-strontium carbonates on the 
cathode is much more difficult to remove than the residual gas 
existing in the metal. The nature of the surface of the electrodes 
has an enormous eifect on this adsorption. 

For insulating and spacing the electrodes from one another, 
mica is generally employed. It is decidedly superior to other 
possible materials as it is mechanically strong even in very 
thin sheets, can be formed into fiat plates of any desired shape 
with great accuracy and has just sufficient fiexibility to allow 
the electrode support wires to slide easily through holes without 
becoming jammed. For temperatures up to 500°C, the b''st 
quality ruby clear mica has good insulating properties, is 
chemically stable and evolves little gas. Above this temperature, 
mica rapidly decomposes with the liberation of water vapour, 
one of the most harmful gases in a tube and electrolyses. In 
tubes where still higher temperatures are reached, alumina, 
magnesia or steatite, pressed from powdered material to the 
required shape and sintered at 1500^-1 800°C, are employed. 

One of the most important features of the modern receiving 
tube is its highly efficient oxide-coated cathode. The various 
types of emitters that have at various times been used may be 
classed as follows: — (a) Clean-metal emitters; (6) contaminated- 
metal emitters, and (c) oxide emitters. In early days, the 
desirable features in an emitter were only thermionic emission, 
mechanical strength and long life. Emission efficiency was not 
considered a serious problem. All the early tubes were of 
directly heated filament type. Tungsten suited their require- 
ments very well indeed and may be cited as an inst&nce of clean- 
metal emitters. Later on, in order to improve the mechanical 
properties of the tungsten, thorium oxide was added to the 
tungsten oxide during the manufacture of the tungsten, about 
0-7% thoria being obtained in the final wire. Langmuir 
showed that thoriated tungsten had a considerably higher 
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thermionic exnission than tungsten at the same temperature. 
Thorium obtained by reduction of the thorium oxide diffuses 
into the surface of the tungsten and at temperatures where 
bulk thorium could not exist, a mono-atomio layer adheres to 
the tungsten surface with the result that its work function is 
reduced. Thorium-on-tungsten is an instance of next class. 
The discovery that the work function of a metal was reduced 
when a layer of atoms of another electro-positive metal was 
present on its surface led to much work on caesium-oxygen-on- 
tungsten emitter. The more electro-positive the contaminating 
metal is, the more the work function is reduced. A stiQ greater 
reduction in work function is obtained when the contaminating 
film consists first of a layer of electro-negative atoms such as 
oxygen and then a layer of electro-positive atoms. The most 
efficient form of such tyi>e of surface yet developed is caesium- 
on-oxygen-on-tungsten which is another instance of oontami' 
nated-metal emitter. The demand for highly efficient cathodes 
which were inexpensive to operate directed the attention of 
the manufacturers on the oxide emitters. As the emitter 
becomes more efficient, the degree of vacuum becomes in- 
creasingly important because of the ‘poisoning’ effect of gas 
on the emitter. Hence a great deal of improvement in the 
high-vacuum technique had to be achieved. The oxide cathodes 
are generally produced in the evacuated bulb, and a large 
quantity of gas has to be removed from the valve before any 
activation of the cathodes can be attempted. 

In indirectly heated types, the (‘athode is generally a hollow 
tube of circular, oval or rectangular section which is heated by 
a filament inside the cathode and insulated from it. The core 
material is generally tungsten. Since the heater wire normally 
works at several hundred degrees above that of the cathode 
surface, it is essential for the wire to have a high melting-point. 
Another form of core now being used consists of molybdenum- 
tungsten aUoy which has many advantages, since it retains the 
ductility associated with the molybdenum and yet has a melting- 
point well above that of molybdenum and a vapour pressure 
which is negligible below 1750° C. The insulating material 
consists of a refractory such as alumina which is sprayed on the 
heater. Magnesia has also been tried as an insulating coating 
but has been found unsatisfactory for several reasons. 

A ‘getter’ is used for maintaining the vacuum in a tube 
after it has been sealed off. The alkaline earths, the alkali 
metals and magnesium are common getters. An alloy of 
barium and magnesium and barium are mostly used at the 
present moment. 

If the metal of which the getter is composed is relatively 
stablp in air, it is welded to a metal disc and dispersed by ‘ high 
frequency heating’ of the disc. If the metal is an unstable one 
like barium, it is packed inside a closed container before welding. 
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The high vapour pressure generated on heating is sufficient to 
burst open the container and the metal is dispersed. For 
avoiding any deposits over the electrode bonding system, the 
getter dispersal is usually directed towards the bulb wall by 
suitable design of container. When very high inter-electrode 
insulations are desirable for special tubes, alkaline-earth oxide 
getter is preferred. This is sprayed on to a metal disc in the 
form of cathode coating and decomposed by high-frequency 
heating of the oxides. The oxides act as getters when cold. 
It will be noted that since the emitting cathode itself is a mbcture 
of alkaline-earth oxides, it will also adsorb gas in the active 
state. 

Refrigeration Industry. 

I shall next take up ' Refrigeration Industry Refrigeration 
was born in the laboratory. It remamed for a long time confined 
within the laboratory to be used in various physical investiga- 
tions. The mechanism and the laws governing it, have been 
the subject of studies for physicists for more than a century. 
Even at present the production of low temperatures and the 
study of the properties of materials under extreme low tem- 
perature conditions form the subject of research in special 
Cryogenic laboratories. 

The first industrial application was the production of ice. 
The first commercial refrigerant was the ammonia gas which 
on compression liquefies and the quick evaporation of the liquid 
results in reduction of temperature, so that heat is abstraL:>ed 
from the container sufficient to freeze the water in it. Physical 
investigations disclosed a number of other substances such as 
sulphur dioxide, ethyl chloride, etc., which could be used as 
refrigerants. One now finds their industrial use all over the world . 

It is, however, well known that the above-mentioned mechan- 
ism was not capable of being utilised for obtaining sufficiently 
low temperatures. The search for new principles and new 
methods were being vigorously pursued and this has led to the 
means of securing extremely low temperatures. I would like 
to bring before you, though they are well known, some of the 
basic ideas underlying these processes whose proper under- 
standing h8is contriW^ to the immense growth of the industry. 
Let us start from well-known properties of gas, namely, that if a 
gas is allowed to expand freely at high pressures, the molecules 
would separate and some work has to be done. It is the kmetio 
energy of the molecules which supplies the energy and accordingly 
one finds the lowering of temperature. This is evidently 
converted into potential energy represented by a change in the 
electro-magnetic stress in the molecules. The molecules are not 
only in constant motion but are in continual collision with one 
another and these collisions also result in electromagnetic 
stresses being set up. If it could be imagined that at a particular 
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instant of time all the molecules in a state of collision ewe 
stationary, one would certainly get the maximum electromagnetic 
stress and for that moment whole of the kinetic energy would 
be reduced to zero. The gas would be at the absolute zero of 
temperature. At the next instant a repulsion would be set up 
among the molecules and this would lead to a rise in the kinetic 
energy. Such exceptional conditions do not arise in practice 
and one finds an average condition. But this leads to an 
understanding of the fact that under certain conditions, a gets 
even on expansion has a tendency to get heated. So there 
are two effects in every gas — one leading to cooliog depending 
on the degree of separation of molecules and another to heating 
depending on collisions and this would increase with temperature. 
One thus expects in all gases at a sufficiently high temperature 
the net effect of expansion to be a rise in temperature. At a 
certain temperature, namely, the inversion temperature, there 
is no change and below it a lowering in temperature on expansion. 
The full realisation of this phenomenon leads to the proper 
application of the mechanism to secure low temperature. 

Let us take the case of air for which the Joule-Thomson 
effect is by no moans small Thus at 0°C air is cooled 0*29 
degree centigrade for a fall of pressure of one atmosphere, 
for a fall in pressure of 200 atmospheres the cooling effect is 
about 40° C. Roughly speaking if the molecules are about two 
diameters apart and are then separated so as to be ten diameters 
apart, they lose about 15% of their kinetic energy. It would 
appear therefore that to liquefy air which has a boiling 
point of about 194° C or 79° K, a fall in pressure of 1,000 atmos- 
pheres would be required. However, in practice, expansion to 
atmosphere pressure is rare, for while the cooling produced 
depends on the fall in pressure, the work done in compressing 
a gas is proportional approximately to the logarithm of the ratio 
of air pressures. Again, liquefaction at ordinary temperature is 
impossible, for the air must be below the so-called critical point, 
which for air is 132° K. This therefore means that some arrange- 
ment would be required for a preliminary lowering of tempera- 
ture. This device, known as ‘Cold regenerator’ or ‘Heat 
exchange’, was developed soon after the discovery of Joule- 
Thomson Effect. In general this consists of two series of closed 
tubes, through one of which the compressed gas proceeds on 
its way to the expansion nozzle, and through another, in close 
thermal contact with the first, the relatively cold expanded 
gas returns. In fact the realisation of the Joule-Thomson 
Effect under proper conditions led Linde and Hampson to design 
and build machines for liquefaction of air for industrial purposes. 

JChere is yet another aspect of the same phenomenon. A 
compressed gas would get cooled when by expansion in an engine, 
it does external work. The bombardment of the rapidly 
moving molecules of gas on the piston constitutes the pressure 
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and as the piston moves and does work, some of the kinetic 
energy of the molecules is transformed into external work. 
The gas on expansion would have lower temperature. The 
gas to be liquefied is compressed and cooled by water or air. 
Part of it then passes into an engine, does work by expan- 
sion and is thereby cooled. It then passes into a condenser 
to act as heat exchange mechanism to cool another part of the 
gas from the compressor below its critical temperature. To 
liquefy air, the compressed gas in the engine should be at a very 
low temperature at about 120° C. This process has been 
commercially developed by Claude. Tt is rather interesting to 
note that Kapitza adopted this method for the liquefaction of 
helium. The mechanism was capable of reaching below 10° K. 

It would not be out of place here to present before you 
how other properties of material are being utilised for obtaining 
extremely low temperatures. By the expansion of a compressed 
gas with or without external work being done, coupled with the 
cooling due to evaporation of the resulting liquid it has been 
possible to obtain temperature less than 1° K. While it is most 
improbable that the absolute zero of temperature can over be 
reached, advantage has been taken of the magnetic properties 
of matter to approach it very closely. In general the magnetic 
dipoles get arranged in orderly fashion at comparatively, high 
temperatures but there are a few substances, such as iron- 
aluminium alum, in which random orientations exist at very low 
temperatures. When these substances are at the lowest tem- 
perature attainable by the methods previously described ana a 
magnetic field is created, the field controls the dipole direction 
and heat is developed. This heat is slowly absorbed by the 
surrounding substances and when the low temperature is restored, 
the magnetic field is removed. The dipoles get back to some 
extent into the disordered condition again and consequently the 
temperature is lowered. In this way a temperature as low as 
0*003° K has been attained. 

The need for the refrigeration as a direct agent has largely 
been utilised for the purpose of cold storage, where rooms are 
cooled with the help of a bank of coils through which brine is 
circulated. The brine is usually cooled previous to its circulation 
by means of suitable refrigerating chamber. Cold storage has 
been developed within the last few years to such magnitudes 
that one coiJd find now the refrigerated space in ships bringing 
food to Great Britain alone amounting to not less than hunted 
million cubic feet. Today there are single ships having refri- 
gerated space of over half a million ou.ft. capacity and capable 
of carrying cargoes amounting to 6,000 tons. The capacity 
of the public stores in Groat Britain alone in 1937 amounts to 
60,000,000 cu.fr. The annual output of artificial ice is of the 
order of one and a half million tons and the fishing industry of 
Great Britain uses more than 700,000 tons of ice annually. 
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Besides the ordinary ice, one finds now the industry of 
solid carbon dioxide coming to the forefront. It is rather 
wonderful that a product, which was used only in the physical 
laboratories in 1926, has become in bare fourteen years* time 
an important commodity. There are at present in America 
more than sixty plants for the production of solid carbon dioxide 
and in other parts of the world, namely, in England, Germany, 
France, Australia, Japan, South America, Africa, India and 
Canada, the numW of such plants is more than eighty. The 
properties of solid carbon dioxide are sufficiently unusual to 
suggest a host of applications. It sublimes directly from the 
solid to the gaseous state at pressures below 6*11 atmosphere. 
At one atmosphere the temperature of sublimation is — 78*6® C. 
At 6*11 atmosphere pressure the triple point occurs at —66*6° C. 
The liquid cannot exist at temperatures below that of the triple 
pomt nor at pressures below 5*11 atmosphere. Further its 
critical point is at 31° C at 76*79 atmosphere pressure so that 
the gas can never be liquefied above 31° C, i.e. above the critical 
temperature and at high pressure, gas and solid are in equi- 
librium. It has no true melting point and the latent heat of 
sublimation at the ordinary atmospheric pressure at a tem- 
perature — 78*6°C amounts to 136*9 calories per grm. Its high 
specific gravity coupled with its high latent heat materially 
reduces the space required for storing a given amount of cooling 
effect. At present it finds the largest applications in the food 
industries especially the ice-cream industries of the United 
States. It has found wide application as preservative for meat 
and fishes as well as eggs. Only point against it is that it is 
still ten times dearer than ordinary ice even in large commercial 
productions. 

The cold storage industry has utilised a number of other 
devices such as humidity recorders, temperature recorders, 
pressure recorders, ozonisers, all of them products of investigation 
of applied physicists. 

I shall now bring before you the question of air-conditioning 
and air-hygiene, getting into prominence by the introduction 
of refrigeration in its various aspects. At first it was limited 
only to big establishments such as public halls, auditoriums, 
cinema houses, and air-conditioned trains. But now its size 
is reduced to that of a household appliance and single room 
conditioners are at present marketable commodities. 

I shall now relate to you some of the indirect applications 
of this industry. When the demands for the liberal supply of 
oxygen for medical and industrial purposes first arose, they were 
met by chemical processes, namely, the oxidation and deoxidation 
of barium oxide. But soon after the introduction of the air 
liquefaction processes of Linde and Hampson, oxygen and 
nitrogen are separated by processes of rectification from liquid 
air. In 1938 thousand mfilion cu.fr. of oxygen has been consumed 
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in the welding industry. Today single plants are in operation 
which produce as much as 80 tons of nitrogen per day to be used 
in the manufeicture of cynamide, the nitrogeneous fertiliser 
formed by passing nitrogen gas over heated calcium carbide. 
For the manufacture of synthetic ammonia considerable quantity 
of nitrogen is being daily utilised. In 1894 Rayleigh and 
Ramsay discovered argon as a constituent of our atmosphere 
and now the lamp industry alone consumes ten million cu.ft. 
of argon extract^ from air every year and at present one 
thousand milli on lamps filled with argon are manufactured by 
the different lamp industries of the world. The annual saving 
in the light bills of the world exceed many million pounds. 
Neon is also another constituent of the atmosphere which is 
extracted from liquid air. Its use in the vapour discharge lamp 
for advertising purposes and for beacon lights is increasing every 
year. These results could not have been obtained without the 
refrigerating machineries whose principles and mode of operations 
have entirely been developed by the physicists, pure and applied. 

Automobile Industry. 

As an example of application of applied physics to industry 
I shall next choose ‘Automobile Industry’. This is less than 
half-a-century old and it could not have been earlier. Lot us 
now consider how different branches of applied physics have 
contributed to the development of this industry. 

Firstly, one finds ‘Properties of Materials’ ranging ftom 
the cast iron to the varied types of alloy-steel, aluminium and 
its alloy, required to form the different members of the engine 
and its power transmitting mechanism. Steel is required having 
properties to stand high stresses under high temperature 
conditions. Here not only high tensile strength but also high 
torsional rigidity and hardness to resist friction and wear under 
extreme conditions are necessary. One has also to know how 
far one could exceed the elastic limits of its running parts to 
provide against accidents. One should also acquaint himself 
with the effects of heat treatment of these different classes of 
materials to impart to them the required properties to serve the 
needs of the machine. The determination of hardness charac- 
teristic is performed by the application of Hertz’s theory of 
impact in the different testing machines evolved for the purpose. 
In its body building, one must know how far one should exceed 
the elastic limits under different conditions and, to attain the 
desired plastic deformations. The general knowledge of kinetics 
is essential for the proper assemblage of its members and their 
li nking , so that one could secure the desired motion and speed 
under different conditions. One should not disregard the 
lubricants. The theoretical interpretation of the action of 
iubricants awaited the work of Osborne Reynold in 1886, in 
6 
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which he considered the lubricating film to be moving between 
two parallel plane surfaces. Appl 3 nng the relations of classical 
hydrodynamics, he deduced the equation underlying the theory 
of ‘thick film lubrication’. The specific case of the journal 
bearing was first satisfactorily treated by Sommerfeld with the 
assumptions of liquid incompressibility, absence of turbulence 
and independence of viscosity on pressure and rate of shear. 
He considered the minimum film thickness for a given clearance 
and showed that it increases monotonically with increasing 
liquid viscosity, journal speed and decreasing load. The journal 
would rise and shift from an effective solid contact with the 
bearing until it becomes practically concentric with the bearing 
as the speed is increased or the load is lessened. The tem- 
perature variation of viscosity, however, could not be satis- 
factorily dealt with as it decreases with increasing temperature 
and it was Andrade who suggested an exponential formula 
connecting the relation. The last conference on lubrication 
held at The Hague pointed out the various factors relating to the 
liquid lubricants mainly from the theoretical standpoint and it 
was found that in the present state of our knowledge it is difficult 
to apply any set formulae. The oil in the crank case of an engine 
under heavy duty will reach 140® C, the bearing surfaces 160® 
to 200° C and at the upper piston ring grooves and underside 
of the piston crown temperatures may exceed 260° C. The 
trend of automobile industry towards lower weight of engine 
per horse power and higher engine speed increases the difficulty 
of suitable lubricating oils. So the lubrication specialist is 
making a continued effort to understand the mechanism of the 
oil itself under such trying conditions. The susceptibility of 
the different oils to oxidation and the use of different types of 
inhibitors to counteract their effect has made some success. 
The question of film rupture is another factor concerning the 
contraction of the film, once it has been pierced by projections. 
To counteract it, one has to requisition another proi)erty, 
namely, that of adhesion of the lubricant to the metallic surfaces. 
This property is not very well understood and is designated by 
‘oiliness’ of the liquid lubricant. The broad field of lubrication 
demands the attention of applied physicist in the application 
of the basic work on the theory of liquid state and surface 
phenomenon. 

It is not strange, therefore, that large organisations such as 
Gulf Research and Development Company, and Standard 
Vacuum Oil Company have started organisations with applied 
physicists at their helm, to work out this intricate question of 
proper lubrication. 

^ Secondly, the thermodynamical aspect of the conversion 
of heat into motive power comes into prominence here. Here 
one finds, different types of fuels injected into the combustion 
chamber, suitably ignited, finally ejected out of it into the 
6b 
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atmosphere. To any one, who is acquainted with the progress 
of this industry, it is well known how the variety of fuels so 
far utilised required considerable investigations to lead up to the 
present stage, how economic considerations are showing the 
need for more easily obtainable fuels. 

Recent investigations regarding the design and performances 
of high speed engines indicate that the lines of enquiry could 
be fairly grouped under the following heads. 

The design of the combustion chamber with its inlet and 
outlet valves and their proper timing mechanisms; the deter- 
mination of the behaviour of the fuels during combustion; the 
mechanism of the expulsion of the products of combustion as 
noiselessly as possible. 

Quite an amount of valuable work has been done regarding 
the proper design of the combustion chamber. The extent of 
our knowledge, however, about the actual process of combustion 
in its dififerent stages, the intermediary products formed and the 
final constitution of the expelled gases are yet matters of some 
uncertainty. But this is of extreme importance. The thermo- 
dynamic treatment of the petrol engine does not adequately 
handle that portion of the cycle where combustion occurs. It 
takes cognisance only of the states of the system immediately 
before and immediately after combustion. In other words, 
thermodynamics pay little or no attention at present to the rate 
of chemical transformation during an engine explosion for 
want of suitable data, even though this factor determines to a 
large degree the rate of pressure development as well as the 
maximum pressure attained. Thus in the thermodynamic 
treatment of the engine cycle, it is frequently assumed that 
combustion occurs instantaneously, releasing all the energy of 
combustion when the piston is at the top dead centre. This is 
not in conformity with the actual state of affairs. 

One has, therefore, to ascertain the nature of the different 
gases formed in the combustion chamber in the successive stages 
of ignition and explosion to form an accurate idea of the power 
developed in the process. In fact, for the study of the new 
cycle of an internal combustion engine or for the comparison of 
the different processes, such as, the influence of different heat 
losses, different combustion lines and different scavenging effects, 
the entropy diagram is of the greatest help. This has been 
pointed out in a recent lecture delivered by Prof. Eichelberg 
before the Institution of Civil Engineers, London. It is well 
known that the entropy of a gas pan be expressed by its tern* 
perature and volume as well as by its specific heat. Now 
specific heat at constant volume, C„, is dujdt and therefore one 
must have the ener^ u theoretically given as the kinetic energy 
of the molecules. The kinetic theory of gases shows that the 
rotational movement of the molecules is given by the degree of 
freedom and is proportional to the absolute temperature. The 
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quantum theory adds the energy of oscillation which is given by 
Einstein formula when the frequency of the atoms has been 
measured by spectroscopy or by Raman Effect. In deriving the 
-entropy diagram, therefore, a knowledge of the gases developed 
by combustion is of some importance. Taking purely the 
chemical view of the problem, one should expect carbon dioxide, 
nitrogen and water vapour to be the gases formed under ideal 
conditions ; but in actual practice such ideal conditions are rarely 
obtained, as everybody walking about the streets feels it, when 
he is encountered with acrid fumes emitted from the exhaust of 
a passing automobile. Further, any chemical method of sample 
analysis of the products in the various stages is beset with two 
main difficulties, namely, the inaccessibility of the flame and its 
products and the extreme rapidity of the reactions. 

It will be my purpose now to show how an applied physicist 
has come to help the automotive engineer. Quite recently a 
series of systematic investigations has been conducted in the 
research laboratory of General Motors Company of America by 
Rassweiller and Withrow where purely physical methods have 
been adopted for the purpose. It is clear that the whole 
phenomenon takes place within the explosion chamber which 
admits flres and expells the charge thus offering facilities for the 
observation of the whole process in progressive stages. One has 
to take successive pictures of the flame production as it progresses 
and for this reason an experimental cylinder was designed, 
provided with a suitable glass top which would resist the tem- 
perature and pressure prevailing in the chamber. A suitable 
device has to be provided for a cmematographic film camera 
which could take rapid successive pictures. For this reason 
the camera lens has been divided into two parts. The fore-part 
being a stationary one which performs the first stage of the image 
formation of the flames and the second part consists of a number 
of similar lenses arranged along the periphery of a disc moving 
behind the fore-lens. The film in its carrier is so disposed, 
that whenever any of the moving lenses align with the fore-lens, 
an image of the flame is formed on it and this movement of the 
disc can be maintained in synchronism with the motion of the 
piston of the combustion chamber. In fact this becomes a 
cinematography of a rapidly moving phenomenon. The speed 
at which one has to operate this mechanism for an engine of 
900 r.p.m. extends from 2,000 to 10,000 pictures per second. 
The flame pictures show that there are two regions of max imum 
luminosity, one in a region around the spark plug and another 
along the forward edge of the flame and they are of distinctly 
different nature. 

To study the nature of these flames, the method of spectro- 
scopy has been requisitioned and here a spectrograph is mounted 
in the place of the film. In fact the slit occupies the place 
of the film and the film, as it were, is displaced back to take the 
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instantaneous emission spectrum of the flame. With such an 
arrangement the spectrographic record shows very interesting 
details and is compared with the spectrum of the inner cone of a 
petrol torch operating in air. For the region of the flame fronts 
one finds the familiar CH and C 2 Swan bands. The emission 
spectrum close to the sparking plug gives no trace of the above- 
mentioned two band systems. It consists of a very diffuse 
band system extending from 3800A to 8500A. They have been 
observed in the flame of CO and O 2 by Weston and Kondratjew 
and are attributed by them to carbon dioxide. In the ultra- 
violet region of the spectrum emitted from the flame front 
and after-glows, one finds OH bands. In addition to the OH 
bands, a group of very diffuse bands extending &om 2800A to 
370oA has been observed in flame front but not in the other 
region. On a careful examination of the literature on band 
spectra, it is found that Emeleus observed the spectra in the 
flame of burning ether. Quite recently Vaidya while studying 
the spectra of the inner cones of ethylene flames observed these 
two groups and attributed them to the triatomic molecule, HCO. 
They are entirely absent, however, in the region near about 
the spark plug. It may be deduced that petrol is not directly 
burning as a flame in the close proximity of the spark plug. 

The sequence of reaction occurring in Bunsen burner flamea 
heis been carefully studied long ago (as early as 1892) by Smithels 
and Ingle and they found only carbon monoxide, hy'^lrogen,. 
carbon dioxide, water and nitrogen above the inner cone of the 
Bunsen burner flame. No hydro-carbons were present there* 
One has therefore to consider the mechanism a little more closely* 
Here one can state that the energy of combustion is liberated 
first in the flame front due to the reaction of petrol and air* 
Any small portion of the charge, which at the time of ignition 
is located near the centre of the combustion chamber, is evidently 
compressed by the approach of the flame and forced away from 
it. When the flame front reaches this portion of the charge, 
the sudden release of the energy of combustion quickly raises 
its temperature and this portion of the charge expands. As the 
flame moves on through the charge, the burnt gas is again 
compressed and it is forced back towards the spark plug so that 
the combustion really takes place m two stages. In calculating, 
therefore, the total energy of the system, one has to take into 
account all these considerations in the calculation of the entropy 
of the system. 

The understanding of this process and the information 
secured from spectroscopic observations have recently been 
utilised m the design of some of the modern types of hi gli speed 
engines and it has been found that their performances are in 
fairly close agreement with those deriv^ from theoretical 
calculations. 
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In the study of fuel injection in the working chamber, 
one has to consider the action of carburetters, which by proper 
mixture of air and liquid fuel, produces the spray. Though 
Rayleigh first investigated the formation of sprays from liquid 
jets, it was Castleman who applied Rayleigh’s theory specifically 
to the atomisation of liquids in an air stream under conditions 
similar to those occurring in carburetters. Scheubel determined 
the drop sizes of the sprays of alcohol — ^water and alcohol — 
petrol mixture from a carburetter jet by using spark photography 
and on the basis of these observations suggested a relation 
between air pressure, jet diameter, density of the fluid and its 
viscosity. The disrupted sprays were experimentally investi- 
gated by Kuehn, de Juhasz, Zahn and Schweitzer and others. 
Prom their work it is suggested that the atomisation of liquid 
jets may be due to the turbulence of the liquid and a critical 
velocity is required to produce the turbulence. 

There has been a large number of theoretical and experi- 
mental investigations to understand the proper mechanism of 
jet formation in different types of fuels and still there are factors 
awaiting solution. 

Now, about the exhaust. One gets some idea of the com- 
plicated motions in the exhaust of an engine by a close observa- 
tion of the swirling motion of smoke issuing from a chimney or 
the more complicated motion of steam issuing from the funnel 
of a locomotive or still more complicated motion of the smoke 
cloud issuing from a big gun after firing of the projectile. The 
usual formula is based upon the assumption of steady state 
in the chamber, so that the distribution of energy in the chamber 
may be ignored and the kinetic energy of the issuing jet equated 
to the work done in maintaming constant pressure in the chamber. 
Exhaust of an engine is a transient phenomenon. Hence a 
great deal of justification is required in appl 3 dng to it a formula, 
relating to a steady state, in which it is assumed that the energy 
in any particular unit of the gas, remains in the same unit 
throughout its passage through the chamber and the exit pipe 
and that no unit gains energy from or loses it to neighbouring 
units. The present state of the theory is in a rather unsatis- 
factory state. Quite recently a number of experimental studies 
are being conducted to secure materials for the proper develop- 
ment of the theoretical aspect. 

Aeronautical Industry. 

Air transportation is the youngest of any of the industries 
so far discussed. In its commercial aspect it is truly an ‘infant 
industry’. Not only the designers but also the executives 
are on the average very considerably younger than the men 
occupying analogous positions in most other industrial fields. 
The industry has grown up with an unusual absence of tradition 
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and experience. This is indicative of the fact that all the 
developments have been based, to a remarkable extent, on the 
results of research and theoretical calculations. An important 
feature of aeronautics lies in the extreme narrowness of the 
margin between success and failure and in the terribly serious 
consequences which may result in failure. This has placed 
a tr^endous premium on exactitude and has greatly stimul- 
ated activity in research of all kinds. AH the problems of 
aeronautics are essentially physical in nature and it is therefore 
not strange that it has furnish^ an unusual field for the intensive 
use of applied physics. I shall merely mention a few of the 
various branches of applied physics which have been applied 
to aeronautical problems and then shall discuss in a little more 
detail the most fundamental aspect of them. 

For any fuel burning power plants, thermodynamics playB 
an essential part. The difficult problems of heat conduction 
have to be solved in aeronautics, because aircraft engines demand 
high pressures for large power output, consistent with low 
weight and economic fuel consumption. One has to be ac- 
quainted with the physics of the air to reckon the jmeteorological 
factors on which are based the different problems of flight. 
Without this aid, air transport would be almost impossible, 
since weather troubles would make air services so unreliable 
as to eliminate most of its economic usefulness. Electricity 
and magnetism have largely been used in connection with 
aircraft instruments and radio, two of the elements of vital 
importance for satisfactory air travel. For noise reduction 
acoustics have recently been requisitioned. Mechanics in the 
field of aeronautics is of basic importance. It is well known 
that many of the basic laws of mechanics were discovered as a 
result of problems which arose in the attempt to serve specific 
engineering needs. The classical laws of mechanics formulated 
in the middle of the eighteenth century had an elegance and 
generality which attracted mathematicians and theoretical 
physicists and were far from the actual conditions encountered 
in practical working. In hydrodynamics, for example, for 
obtaining exact solutions of the equations, viscosity had been 
neglected. Frictionless fluids form the basis on which classical 
hydrodynamics is developed. In engineering hydraulics as 
developed by practical workers, one finds countless numerical 
coefficients entirely divorced from the mathematical theory of 
hydrodynamics and it was extremely difficult to secure generalised 
relations to form a rational scheme. 

It was Felix 'Klein who finsrti realised this defect in the 
outlook of engineers and began to build up a school of applied 
mathematics and ap|>lied physios which developed a new interest 
and new point of view so as to bring engineering and scienoe 
closer together. Among the group of peopk associated with him 
IVandtl, Von Karman and Timoshenko are best known as 
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pioneers in this line. Their main effort had been in obtaining 
approximate solutions of more specialised e^ations in which 
ad the essential physical elements of a particular problem are 
included. 

The theory of the aircraft structures is concerned with the 
transmission of the air forces from the surfaces where they 
arise and to the useful load which they carry. The aeroplane 
requires a smooth strong external surface for the air pressures 
to act on. The external surface has to perform two functions 
simultaneously, namely, carrying the external pressures and 
serving as an integral portion of the major structure. In the 
most modem type of aircraft, the older types of design having 
a sort of skeleton structure with a covering fabric forming the 
external surface, have been abandoned. They have been replaced 
by the so-called ‘monocoque* type of design in which the surface 
is made of thin metal and carries a considerable fraction of the 
major structural loads. The structural members usually have 
len^hs which are very large compared to their transverse 
dimensions. 

The use of the ‘monocoque’ constmction and the great 
slenderness of the structural members result in tendencies 
towards instability or local buckling. For long compression 
members like struts, beam flanges, etc , the problem has been 
attacked in two manners. Firstly, by designing the structures so 
that such members have lateral support at frequent intervals. 
The ratio of length to transverse direction is kept fairly small 
between supports so that tendency for buckling is reduced. 
Secondly, carefully worked out cross-sectional shapes are 
determined so as to distribute a given amount of inertia and 
increased resistance to buckling. It was easily noticed that in 
order to prevent buckling of the struts, the thickness would 
have to be so great and so many stiffening elements would be 
necessary that the weight would be prohibitive. Wagner, after 
a careftd study, took the bold step of conceiving structures 
which were allowed and even designed to develop wavy shapes 
under load. The structure would not buckle in normal fli^t 
but goes into a wave state during the brief instant when the 
loads are higher than normal. The theoretical design formula 
worked out by Wagner forms the basis of all modem constructions 
and serves their purpose well. 

Turning now to the field of aerodynamics one finds that 
the earliest scientific analysis of this question was the work 
of Newton who developed a theoretical formula for the lift of 
a flat plate. This formula piedicted that the lift should be 
proportional to the square of the angular inclination of the 
plate to the wind. From this formula, one flnds that in order 
to obtain reasonable lifts, enormous amount of power would be 
required to drive the plate through air fast enough to retain 
thk high angle of inclimtion. It was only near the beginning 
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of the present century that actual machines had been built 
which were capable of flying and on careful examination by the 
theoretical physicists, it was found that the lift of a plate was 
proportional to the angle of inclination rather than to the square 
of the angle. 

The relation between the lift and the wind inclination, as 
well as resistance to forward motion or the drag, depend largely 
on the wing span, i.e., the lateral expansion of the supporting 
wings. Here were encountered great difficulties in design till 
1911 when Prandtl worked out a purely theoretical analysis of 
the problem, which led to a very simple formula connecting 
effect of span on drag as well as the relation between the lift 
and wing inclination. The pressure drag which is the resultant 
of all normal pressures acting on the surfaces of a body moving 
through a fluid has been discussed by Helmholtz, Kirchoff and 
Rayleigh but owing to the absence of suitable data, these 
theoretical studies did not find successful application. In 1911 
Von Karman showed that by proper ‘stream lining* this pressure 
drag could be completely eliminated. There was yet another 
factor, namely, the friction encountered by the moving body in 
motion. This has been the subject of study by Prandtl who 
showed that the influence of friction was confined to a thin 
‘boundary layer’ close to the surface of a body moving through 
the atmosphere. 

The problem of ‘stability’, i.e. the disturbance effect 
produced by gust of wind or movements of controls on the 
normal flying condition, was not very clearly imderstood. Biyan 
undertook the study of this problem and arrived at a solution. 
Though it is highly involved, requiring extensive mathematical 
technique, yet it forms a basis of calculation and several ap- 
proximations have now been adopted which have rendered 
the solution of the stability problem much more easy than 
before. 

The question of ‘turbulence’ attracted some of the best 
brains in the world for the last fifty years and yet it remains 
in a state of uncertainty. Osborne Reynolds studied the subject 
as early as 1883 and arrived at the relation between the different 
t^^s of fluid motions and their dependence on speed. The 
distinction between ‘laminar motion’ and ‘turbulent flow’ of 
a fluid and their dependence on the ‘critical speed’ were worked 
out by him. The so-called Refolds number and a critical 
Reynolds number at which transition occurs from the ‘laminar’ 
to the ‘turbulent’ state exist for almost every type of fluid 
motion. It appears that in practically all cases of technicai 
importance in aerodynamics the range of Reynolds numbers 
encountered lies fax above the critical one, so that a knowledge 
of the nature of turbulent flow is of extreme practical imported. 

Extensive experimental investigations to ascertain the nature 
of turbulent flow have been conducted. The hotjyire anemo- 
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meter has been widely used for the purpose. Oscillograms of 
these records have disclosed their complicated nature and still 
demand careful analysis. The statistical treatment of the 
problem regarding the mechanism of turbulence by G. I. Taylor 
may prove to be a very efficient tool which will finally build 
up a consistent theory. 

The recent researches on the aerodynamics of aircraft have 
attracted considerable attention of eminent applied physicists. 
Prof. Melville Jones of the Cambridge University has been 
applying with great success the Pitot-travers method for drag 
measurements. The measurement of the profile drag on an 
aeroplane wing by Relf in the compressed air tunnel at the 
National Physical Laboratory is of great value. In fact the 
experimental observations now reach up to Reynolds number 
value of about 24 millions, a value appropriate to the fast 
modem aircraft. 

The co-operation between the actual observations and 
experimental work of the aerodynamic laboratories is now 
proceeding very closely. The observation of squadron leaders 
in actual fiight are now communicated to the theoretical physicists 
and to those engaged in wind tunnel experiments so that effective 
changes in the shape, structure, and surface of the aircraft are 
being continually modified consistent with the above-mentioned 
background. There yet remains ample scope for research 
on numerous problems of stability and control. Oscillation 
problems have been treated generally on the basis that forces 
at issue are linear functions of velocity and displacements, 
whereas such factors as controlled and mechanical friction 
introduce non-linear relationship which has to be taken into 
account for safe high speed fiying. 

The whole aspect of aerodynamics leading to the design 
and construction of aeroplanes is now engaging the attention 
of an earnest band of workers toiling ceaselessly to obtain 
practical data by the application of physical principles. 

Already the theme has become fairly j^ge and it is not 
my intention to multiply instances so that one may realise the 
important role of applied physics in industries. I am a&aid, 
ali^ady I have pass^ the limit of your patience with which 
you have so kindly favoured me till now. In spite of this, I 
cannot but draw your attention to the part which applied 
physics is now playing in agriculture, land survey, meteorology 
and biological sciences. In the different industries such as, 
the textile, paper, glass, rubber, abrasives and in various other 
industries, large and small, the unseen infiuencee of physical 
methods and appliances are ceaselessly working for better 
production and economic development. Illumination of our 
highways, schools, workshops, public places of amusement 
indicate the usefiil character of the application of physics. 
I cannot but mention the different aspects of vibratiops and 
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forced oscillations in its different effects, modifying our social 
well-being. In this connection it will not be out of place to 
mention a very striking example. I would like to refer to 
you the case of the terrible railway disaster at Bihta in 1937. 
It is well known that the Government of India appointed a 
special committee, known as the ^Pacific Locomotive Com- 
mittee ^ to investigate the cause and suggest remedies for the 
future non-recurrence of such accidents. I hope all of you are 
aware that to study the vibrations and oscillations produced 
in the tracks and engines, a special observation car was fitted up 
by the Chief Electrical Engineer of 6. 1. P. Railway, Mr. MuUe- 
neux, and the vibration recording devices designed by the 
French phj^icist and railroad engineer Hallade were requisi- 
tioned. After the systematic study over several hundred 
miles of tracks of the behaviour of this special pacific locomotive 
XB and XA classes of engine, the Committee recommended 
certain modifications and additions to the engine for its safe 
running. It was further suggested by the Committee that an 
enlarg^ organisation for research and standards should be taken 
up by the Railway Board to determine the actual vibration and 
oscillation conditions in tracks and locomotives aU over India to 
ensure their safe running. 

Last but not the least is the contribution of applied physics 
to industries in the different ‘Measuring Instruments’. Thus 
in our land survey from the simple measuring chain to the 
modem aerial photographs for the contour survey of inaccessible 
region are but examples of its utility. For the control of ev« i y 
industrial process, the measurement of pressure, force, energy, 
frequency and numerous other mechanisms are finding place. 
For interchangeable part of machinery and equipment, precision 
gauges, jigs, ruling engines, projection devices are becoming 
more and more evident. The measurement of temi)erature is 
an important factor in our daily life and the use of temperature 
measuring devices such as the thermometers, and the different 
classes of recording and non-recording pyrometers are becoming 
absolutely essential in the industry. Regarding electric^ 
instruments, apart from voltmeters, ammeters, energy-meters, 
frequency-meters and power-factor meters, which are practically 
developments in one form or other of the galvanometers used 
in laboratories, one finds a large variety of instruments with 
modifications suitable for the purpose to which they are to be 
applied. The steady growth of radio and broadcasting and that 
of the aircraft creat^ a demand for numerous tyx>ei^ of measuring 
instruments which are primarily born in laboratory but put to 
industrial use in its midtifarious forms. iElnally, I would say 
that the contribution of applied physics to other sciences and 
^ industries is becoming increasingly felt and it is expected 
Ihat in the near future as time progresses, there would be greater 
" greater demand for applied physicists in industry. 
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PHYSICO-CHEMICAL STUDIES OF GELS 

In the great science of the structure of matter the science 
of coUoids represents the domain which lies above the molecular 
and below the macroscopic dimensions. In this domain there 
lie a number of systems which form the basis of essential 
material processes affecting life as a whole. Considerable 
advance has taken place in our knowledge about these systems 
during recent years and these have opened up the possibilities 
of wide and far-reaching applications of this branch of chemistry 
in both theoretical and practical sciences. 

In this address I propose to deal with one of the numerous 
systems of colloids, namely, the ‘gels’ in which I have been 
interested for the last fifteen years. The name^gel’ was first 
introduced by Thomas Graham, the founder of colloidal 
chemistry, to designate the precipitate formed on the addition 
of electrolytes to colloidal solutions or what are commonly 
known as sols. This term has now acquired quite a different 
meaning. According to Freundlich^ coUoidally disperse struc- 
tures consisting of a solid and a liquid phase or of two liquid 
phases, and having shape and cohesion, that is, elastic properties, 
should be called ‘gels’. However, some authors have pre- 
ferred to use the term ‘ jelley ’ for elastic gels in which the amount 
of the enclosed liquid is relatively enormous. McBain* holds 
the view that those jellies which differ from sols in elastic pro- 
perties only should be considered as gels, but the number of such 
systems which are so alike in the sol and gel states is very small. 
iWther, McBain’s definition excludes a number of systems which 
have been described as gels by several writers and are of great 
scientific and industrial importance. Thus it seems that it is 
not quite easy to put forward a definition so comprehensive as 
to include all the known gels within its scope. The definition 
given by Freundlich has b^n adopted by the writer throughout 
the present discourse. 

The earliest known gels were those of gelatin and silicic 
acid. The former were obtained in transparent and elastic 
state and were heat reversible while the latter were to 
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be opaque and were considered to be inelastic. These chaiao- 
teristics have given rise to classification of geb into various 
divisions such as transparent and opaque, elastic and rigid, 
and heat reversible and heat irreversible. Although many of 
these divisions have gone out of vogue, the one between organic 
and morganic, determined by the nature of the substance in 
the gel condition, is still retained. If we accept this classification 
there is need for introducing another division to include 
gels prepared from inorganic salts of organic acids. These 
could be called inorgano-organic or organo-inorganic gels, not 
only on account of the nature of the substance in the gel state, 
but also from the consideration that some of the characteristics 
of this type of gels are allied to those of truly organic gels while 
other properties are related to the truly inorganic ones. 

Ohoanic gels 

Earliest known gels belonging to this class are those of gelatin 
and agar-agar. These are fairly complex organic substances 
derived from animal and vegetable matter, respectively, and are 
made up of an unknown number of unisolated chemical entities. 
Gels of pectin derived from several fruits are also quite well 
known. Recently, gels of cellulose acetate and of geranin and 
viscose, which are substances of no less complexity, have been 
prepared by Mardles 8 and Liepatoff Nevertheless, literature 
abounds in the description of gels of several definite organic 
substances, some of which exist in crystalline form. The gels 
of these substances have been obtained either in aqueous medium 
or in some suitable organic solvent. Glycyrrhizic acid cam- 
phoryl phenyl thiosemicarbazide ®, azomethine 7, dibenzoic acetal 
of sorbitol 8, benzop 3 rrone derivatives benzopurpurin 4B, and 
crysophenin B can be cited as a few instances. 

The usual procedure adopted for the preparation of these 
gels consists in prex>aring a solution of the gelling substance in 
a solvent at a high temperature and then allowing this solution 
to cool either slowly or rapidly. Instances are, however, knovm 
which show that the proc^ure described above is not applicable 
to the formation of all organic gels. Thus, for example, solutions 
of nitro-cellulose in a mixture of amyl acetate and benzine, of 
nitro-cotton 18 in alcohol and of methyl cellulose i* in water, 
have been found to gelatinise on heating. Further, it has been 
found that neither heating nor cooling is necessary for the forma- 
tion of gels of dibenzoyl cystine These are prepared by 
merely dissolving the crystals of the substance in alcohol and 
pouring the solution into water. 

Inobgano-obganio gels 

Several gels belonging to this class are known and while 
some of them ha^e been prepared in organic solvents, others 
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are easily obtained in aqueous medium. Gels of barium 
malonate^^ form a good example of the former type. They 
are prepared by mixing solutions of suitable concentrations of 
barium hydroxide and malonic acid in methyl alcohol in the 
presence of certain amount of glycerine. Gels of lithium urate 
and those of soaps are best instances of the latter type. 
Considerable amount of work has been done by McBain and co- 
workers^ on aqueous solutions of alkali salts of higher &tty 
acids. To these they have given the special name of colloidal 
electrolytes. They have shown that an aqueous solution of 
sodium oleate can be brought in any of the three typical colloidal 
states, namely, clear oily liquid sol, white opaque solid curd, and 
clear transparent elastic gel. Gels containing a low amount of 
sodium oleate are obtained by very slow warming of the curd 
while those of high soap content are prepared by cooling the sol. 

Soap gels have al^ been prepared in non-aqueous media. 
Fischer obtained a non-syneretic gel of sodium arachidate in 
methyl alcohol and Miss Laing and McBain prepared gels of 
potabdium and sodium soaps in alcohol-water mixtures. Recently, 
it has been found at the Royal Institute of Science that 
sodium and potassium salts of oleic, stearic and palmitic acids 
dissolve easily in pinene at about 140° and the resulting solutions 
set to transparent colourless gels when cooled to room tempera- 
ture. All these gels are heat reversible and some of them show 
the phenomenon of syneresis, 

Inoboanic gels 

The earliest known gel belonging to this class is that of silicic 
acid. This has been prepared by several workers usually by the 
action of acids, organic and inorganic, upon sodium silicate. 
Bhatnagar and Mathur20 showed that these gels can be very 
conveniently obtained by mixing suitable solutions of sodium 
silicate and ammonium acetate. In recent years, a large number 
of gels of inorganic substances have been prepared and some of 
them have been obtained in as transparent a state as the organic 
gels. An account of the prei)aration of gels of hydroxides, 
phosphates, arsenates, molybdates, etc., of several metals is 
given by Satya Prakash who has himself prepared several of 
these gels for the first time. The methods employed for the 
preparation of these gels can be classified as follows: — 

(1) By mixing the constituents of the gel-forming mixture. 

In some cases, this results in the formation of a 
clear solution which goes over to the ooUdidal state, 
and in other cases, a precipitate is formed and it 
disappears on slight or vigorous shaking. 

(2) By the addition of electrolytes to a fairly concentrated 
and suitably dialyzed sol of the gelling substance, or 
by the prolonged dialysis of such a sol. 
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(3) By changing the solvent or by the dilution of a true 
solution of the gelling substance which is sparingly 
soluble in the changed or the diluted solvent. 

The hydrogen-ion concentration of mixtures giving rise to 
inorganic gels exerts a profound influence on the nature, the 
appearance and the characteristics of the gel. It has been found 
in the case of silicic acid that using the same solution of sodium 
silicate and different solutions of acidic ammonium acetate, two 
types of gels are obtained, one in the alkaline medium and the 
other in the acidic one 22 . Not only is the mode of formation 
of these two gels different, but they also differ from each other 
in appearance, the one formed from acidic medium being more 
or less transparent. The results of this investigation have led 
to the preparation's in a transparent state, of a number of 
inorganic gels which had been obtained previously only in an 
opaque or translucent condition. For this purpose acids instead 
of alkali salts of the acids corresponding to the acidic radicals 
of the gel-forming substance have been employed, wherever 
possible, and, if necessary, suitable amounts of hydrochloric 
acid have been added to the gel-forming mixtures. 

Sol-gel transformation 

The sol-gel transformation is irreversible in some cases, while 
in other cases, a gel can be converted into a sol and back to gel any 
number of times at will. The reversible sol-gel transformation 
in the case of organic and some inorgano-organic gels is brought 
about by heating or cooling and is called non-isothermal reversible 
transformation . 

Recently, Szegvari and Miss Schalek 2^ discovered that gels 
of iron hydroxide show the phenomenon of isothermal reversible 
sol-gel transformation which has been named thixotropy. A 
thixotropic gel goes over to the sol state by mere shaking or 
stirring or by some mechanical action or under the influence of 
ultrasonic waves and sets again to the gel state when left to itself. 
This process can be repeated at will. Gels of aluminium 
hydroxide, vanadium pentoxide, thorium molybdate, thorium 
arsenate, are some of the many instances of thixotropic gels. 
The thixotropic change, in some cases, is accompanied by 
reversible changes of colour; for example, the iron oxide sol to 
which sodium chloride is added, appears golden brown and 
clear while the gel looks yellow and turbid 26. 

It has been observ^ by Prakash26 that if gels of ferric 
phosphate and arsenate, thorium molybdate and phosphate 
and aluminium and zirconium hydroxide are frozen in liquid air 
and brought to room temperature, a sol is again formed which 
sets to a gel after a time. This process of reversible sol-gel 
transformation can be repeated at will. He has named this 
phenomenon as cryotropy. 
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A new kind of reversible sol-gel transformation has been 
foimd by my collaborators and myself 28, 27 ^th gels of thorium 
phosphate and arsenate prepared from thorium nitrate and 
phosphoric and arsenic acids, respectively. They go over first to 
the sol state and then into solution when desiccated over calcium 
chloride and reset to a gel when the necessary amount of water 
is added to the solution. A similar behaviour was observed by 
Freundlich with iron oxide sol which sets to a thixotropic gel on 
the addition of alcohol and the gel is reconverted to a sol when 
desiccated over water 24. 

Microscopic investigations 

The scientific mind is not content with the mere preparation 
of a substance and observing the transformation it undergoes; 
it strives to probe deeper and search for its constitution. It is, 
therefore, not surprising to find that even in the early days of 
the development of this subject the attention of some 
investigators was directed to various enquiries regarding the 
internal structure of gels, such as, the size and shape of the 
ultimate particles of which a gel is composed, the mechanism by 
which a system containing only a small amount of the solid 
matter and a large volume of the liquid phase gives rise to a 
solid-looking substance, the manner in which the liquid phase is 
held in the gel system and several other aspects. 

To answer these questions attempts were made in the 
beginning to observe the structure by means of a microscope and 
an ultra-microscope. The microscopic examination by Hardy 28 
of a solution of gelatin undergoing gelation revealed that when 
the solution is cooled below 20®, a cloudiness first appears, due 
to the formation of fluid droplets which, on further cooling, 
solidify and adhere to one another. Zsigmondy 2» examined 
ultra-microscopically the dry gels of silicic acid as well as those 
filled with liquid, and found that they were mostly optically 
empty. However, on drying the gel, he could obtain some 
evidence of the existence of submicrons. Bachmann*® also 
followed the gelation of silicic acid, gelatin and agar sol through 
an ultra-microscope. In a one per cent solution of gelatin he 
observed that some time after the solution is made, there appears 
a crowd of submicrons in lively movement which ceases when 
the gel is set. 

The above are the only few instances in which results of any 
si^ificance have been obtained. In the case of other gels the 
microscopic and ultra-microscopic exapiinations have revealed 
no structure but have only indicated that the particles in gels 
are too fine to be seen by these instruments and hence their 
diameters are of the same order of magnitude as the wave-length 
of light. This is due to the fact that the application of these 
instruments to the study of gels has several limitations. For 
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example, if the particles are too small to be optically resolved or 
too numerous or if the difference between the refractive indices 
of the particles and the dispersion medium is inappreciable, 
only imiform illumination is seen instead of diffraction images 
due to the particles. 

Recently, the newly discovered electron microscope has been 
employed for the determination of the shape of particles in the 
sol condition. Beischer and Efrause have found that the 
particles in a gold sol are cubical and those in an iron sol are 
thread-like. No application of this instrument for determining 
the shape of particles of substances in the gel state has so far been 
reported. 

Pbofbbties or gels 

As no results of definite character regarding the gel structure 
could be obtained by direct examination, the workers in this field 
took to a systematic study of the various properties of gels and 
the changes which they undergo during the process of gelation or 
sol-gel transformation. It is no exaggeration to say that the great 
bulk of information of immense sign&cance in postulating theories 
of structure of gels has been indirectly derived from such a study. 
An account, which is by no means complete, of the important 
results obtained from some of these investigations is given in the 
following pages. 

(A) Time of setting 

The time of setting is the main property which characterizes 
a gel. Various workers have employed different criteria for the 
setting of a gel. The general consensus of opinion is inclined to the 
view that the attainment of a certain viscosity by the gel-forming 
mixture should be employed as the criterion for the setting of a 
gel. But such a criterion gives only a relative and not an 
absolute value of the time of setting. Further, it implies that 
all changes involved in the process of gelation are completed 
during this period. This is not entirely correct. 

Methods which have been employed . so far for the 
determination of the time of setting are as foUows : — 

(1) Fleming’s method ^2 which consists in determining the 
time which a gel-forming mixture takes to reach a consistency 
which will prevent it from fiowing out of its container. 

(2) Fells and Firth’s method 88 depends upon the criterion 
that the pressure required to blow a bubble of air or of mercury 
or of cUoroform through a gel-forming mixture reaches a 
maximum value at the time of setting. 

(3) Hurd and Letteron’s method 8^ consists in placing a 
rod in the gel-forming mixture in a certain position by the help 
of a suitable support and the time which the mixture takes to 
reach a stalie when the rod can remain in this position without 
the support, is the time of setting. 

7B 
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(4) Prasad and Hattiangadi’s method 22 involves the 
measurement in the changes in the intensity of light from a 
constant source transmitted through the gel-forming mixture. 
The gel is considered to have set when these changes reach a 
constant value. 

The measurement of the time of setting of the same gel- 
forming mixture by the above-mentioned methods has given 
values which are widely different from each other *5, and hence 
has experimentally confirmed the view concerning the usefulness 
of these methods for comparative studies only. 

Most of the work on the time of setting has been done on 
inorganic gels, mainly at Allahabad, at the Royal Institute of 
Science, ]fombay, and by Hurd and co-workers. The latter 
workers are to be credited for giving the time of setting the impor- 
tcmce which it deserves. They assume that the setting of a gel 
is a process which follows the laws of ordinary chemical reactions, 
so far as its velocity is concerned, and that for a given run, the 
time of setting measures the time when a certain fixed proportion 
of silica, in whatever form, has reacted. On the basis of these 
assumptions they have extended the application of Arrhenius’s 
equation to the setting of silicic acid gels and, in agreement with 
the requirements of this equation, have found that the curves 
obtain^ on plotting the logarithm of the time of setting against 
the reciprocal of absolute temperature are straight lines. The 
heat of activation of silicic acid gel calculated from this data 
has been found to be independent of the natureof the acid used 
for the preparation of the gel. These investigations thus point 
out the importance of temi)erature control in the determination 
of the time of setting of gels. 

The €issumptions mentioned above have been found to apply 
equally well to other inorganic gels studied by Prasad and 
co-workers 28. The tune of setting of the gels has been found to 
decrease with rise of temperature but the heats of activation 
have been found to alter with a change in the concentrations of 
the constituents of the gel-forming mixtures. In some cases, 
particularly in the case of gels of thorium arsenate, the time of 
setting has been found to increase with temperature and the 
heat of activation is negative. 

Similar measurements in the case of organic gels are not 
I)ossible since they would not set at temperatures at which the 
solutions are made. Hence a considerable time would be lost 
and a part of the setting process would be completed before 
these solutions are brou^t to setting temperatures. In such 
cases we have suggested that the time required ‘by a gel- 
forming solution to set to the gel state when it is allowed to cool 
from a certain high temperature to a known lower temperature, 
may be taken as the time of setting of the gel at the lower 
temperature. Probably the same procedure has been followed 
by Olsen 28 who studied the time of setting of gelatin gels at 
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various temperatures. A study of the cooling curves of solutions 
of sodium oleate in pinene has revealed that the time taken 
by these solutions to cool down to the temperature of the 
bath (lower temperature) is a considerable fraction of the time of 
setting in accordance with the definition given above. Sufficient 
data are not yet available to draw conclusive inferences regarding 
the applicability of Arrhenius’s equation to all organic gels. 
However, in several cases strai^t lines have been obtained on 
plotting the logarithm of the time of setting against the reciprocal 
of the absolute temperature. These straight lines show that the 
heat of activation of these gels is negative and their time of 
setting increases as the temperature of setting is raised. ‘ 

Thixotropic gels are characterized by a second time ^ 
setting which is called ‘thixotropic time of set *. This is shorter 
than the proper time of setting of gels and is the time taken by 
thixotropic gels to set after they have been liquefied by some 
mechanical action. It is remarkable that this time has practi- 
cally constant value, that is, it can be repeated as often as one 
likes, and is independent of the agency employed for bringing the 
gel into the sol state. This gives only an arbitrary way of de^ng 
thixotropy. 

It h^ been observed that the time of setting of an aged 
thixotropic vanadium pentoxide sol is reduced to one-fourth if 
the tube containing the sol is given a rotatory motion backwards 
and forwards by moving it between the palms of the hands. 
This phenomenon has been called ‘Rheopexy’ by Freundlich 
and Juliusburger 

The time of setting of gels is considerably altered by the 
changes in the concentration of the gel-forming substance or 
of the constituents of the gel-forming mixtures. In the former 
case the setting time decreases with an increase in the concentra- 
tion but in the latter, it usually increases with an increase in the 
concentration of the constituent containing the metal ion of 
the gel-forming substance and decreases with an increase in the 
concentration of the other constituent. In the case of silicic 
acid gels prepared according to Bhatnagar and Mathur’s method 
it has been found that with an increase in the concentration of 
acidic ammonium acetate the time of setting first decreases, 
reaches a minimum value, then increases and reaches a maximum 
value and again decreases 2 ^. Similar observations have been 
made in the case of some other gels as well 

The time of setting of a gel has been found to depend 
specifically upon the hydrogen-ion concentration of the 
gel-forming mixture. Freundlich and SoUner have found that 
the time of setting of an iron hydroxide sol increases from 
82 seconds to 9,000 seconds when the pH is changed from 3*86 
to 3*11. The effect of hydrogen-ion concentration has been 
exhaustively studied by Hurd and co-workers ^2 in the case of 
the silicic acid gels. They find that a linear relationship holds 
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between the time of setting and the hydrogen-ion concentration. 
Hurd and Paton ** have, in a recent publication, confirmed in a 
remarkable manner the specificity of the effect of pH upon the 
time of setting. On adding the same amount of acetic acid 
to the same silicic acid gel-forming mixture at different intervals 
from the commencement of the formation of the gel, they have 
shown that the setting of the gel proceeds at the same rate as 
without the addition of the acid for the time before the acid is 
added and subsequently at the rate followed in the presence of 
the acid added at the commencement of the setting. It has been 
recently found that an approximately linear relation also exists 
between the time of setting and the hydroxyl-ion concentration 
Sc* alkaline silicic acid gel-forming mixtures. 

Results of similar investigations on the time of setting of 
thorium arsenate and thorium phosphate gels by Desai and 
Miss Nathan at the Royal Instiute of Science, have shown 
no linear relationship between the time of setting, determined 
by Hurd and Letteron’s method, and the excess of hydrochloric 
acid added to the gel-forming mixtures. They find that with an 
increase in the amount of the acid in the gel-forming mixtures, 
the time of setting first decreases and then increases. 

The time of setting of gels is very sensitive to the addition 
of small amounts of electrolytes and non-electrolytes. The effect 
of these agents was first systematically studied by Prasad and 
Hattiangadi They showed that the time of setting of alkaline 
silicic acid gels decreases while that of acidic mes increases on 
the addition of various alcohols to the gel-forming mixtures. 
This work has been extended by Hurd and Carver and Munrc 
and co-workers who have examined the effect of several 
polyhydric alcohols, sugars, acetone and aldehyde, on the time 
of s'^tting of silicic acid gels, and by Prasad and Desai to the 
case of several transparent inorganic gels prepared by them. 

Thixotropic time of setting is also influenced by changes in 
(i) the concentrations of the coagulating agents or of the 
constituents of the gel-forming mixtures, and (ii) the hydrogen-ion 
concentration of the gel-forming system, and (iii) by the addition 
of non-electrolytes. A change of temperature also alters the 
thixotropic time of setting and the changes are governed by 
Arrhenius’s equation 


(B) Elasticity 

The next property which is characteristic of the gel state 
alone is elasticity. The importance of this property was 
recognized even in the early days but its significance in elucidating 
the structure of gels has been understock only recently. Most 
of the work on the measurement of modulus of elasticity has 
been conducted on organic gels, particularly on the gels of gelatin 
which have been found to follow Hooke’s law ^ and the 
modulus has been shown to vary as the square of the 
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concentration®!. Recent measurements by Hatsohek®^ with 
a hi^y improved apparatus have shov^n that the gels containing 
8-12 % of gelatin have a well-defined modulus up to a load 
correspondii^ to 45 g. per sq.cm., and this value is repeatable 
within about 3 per cent. 

The value of the modulus has been found to change with 
a change in the quality of the gelatin and the hydrogen-ion 
concentration of the gel-forming system. Freundlich and 
Neukirchu ®® found a minimum in the neighbourhood of the 
isoelectric pH while Kunitz®^ found that acids and alkali 
strongly reduce the elastic modulus of the swelli^ gels. The 
modulus is also altered by the addition of substances like alcohol, 
sugars, glycerol and inorganic salts, to the gelatin gels. Poole ®® 
has shown recently that the extension of a rod of gelatin gel 
increases with time and that the elasticity of the gel also varies 
with temperature. The strain produced in the gel causes double 
refraction which is roughly proi>ortional to the concentration. 

Some observations have been reported on the measurement 
of elasticity of gels of cellulose acetate by Mardles in 1923. 
The systematic work on these gels has been carried out by 
Poole®® who finds that the elasticity of these gels also varies 
with time and temperature and approximately as the square of 
the concentration. 

No systematic work of this nature has been done on silicic 
acid gels which have been considered as inelastic. The measure- 
ment of the elasticity of compressed silicic acid gels by the 
writer ®7 has revealed that they obey Hooke’s law up to the 
breaking point but the elastic limit is low. The elasticity of 
several other inorganic gels has been measured by Yajnik and 
collaborators ®®. 

Grels of silicic acid emit a peculiar note when they are 
suitably made to vibrate. The sonorous property of these 
gels h^ been noticed by several workers and has been 
studied systematically by Holmes, Kaufmann and Nicholas ®® 
with gels contained in tubes. The writer measured the velocity 
of sound in the compressed gels and found that the elasticity 
calculated from the relation applicable to isotropic solids is in 
fair agreement with the experimental value ®7. 

(C) Viscosity 

Several references have been made to the effect that elasticity 
is related to viscosity, but no definite mathematical expression 
of general application correlating the two constants has so far 
been put forward. Notwithstanding this view, the imxK)rtance 
of viscosity as a characteristic property of a colloidal system was 
recognized by Graham who was the first to suggest that the 
viscometer should be employed as colloidoscope. Wolfgang 
Ostwald^ while inaugurating a General Discussion on Colloids 
and their Viscosity under the auspices of the Faraday Society 
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stated in his introductory address, ‘The determination of viscosity 
is a prominent methodic principle in investigating the properties 
of the colloidal systems which are usually described as changes 
of state*. Further, he mentioned, ‘Among all the properties, 
viscosity occupies a central position, firstly because it shows the 
largest possible variation with small changes in the colloidal 
condition * and secondly because it ‘permits quantitative measure- 
ments ... by a method not too complicated*. 

Usually, the viscosity of a system undergoing gel-formation 
has been measured by the flow of the gel-forming mixture 
through a capillary tube (Ostrwald’s and Scarpa's methods). 
Mardles has systematically studied the effect of the diameter 
of the capillary tube on the viscosity-time curves obtained 
during the formation of cellulose acetate gels in benzyl alcohol 
and has also employed rotating cylinder and fiilling sphere 
viscometers for these measurements. He finds distinct 
differences in several measurements and concludes, ‘with 
gelating sols the viscosity values have lost their usual significance 
and are empirical but they are valuable in that they indicate the 
progress of gelation*. 

Earlier measurements of viscoMty during gel-formation 
were done mostly on gelatin solutions and some empirical rela- 
tions between changes in viscosity with time were found out. 
The results obtained during the gelation of solutions of cellulose 
acetate in benzyl alcohol (Mardles) could be expressed in the 
form of an exponential equation which shows that the rate of 
increase of viscosity with time is proportional to the increase of 
viscosity at that time. This relation has also been found to hohl 
for the viscosity changes with time in silicic acid gel-forming 
mixtures and solutions of sodium oleate in pinene but is 
not obeyed in the case of other inorganic gels. 

Prakash and Dhar have measured the viscosities of several 
gels during setting and have shown that their results indicate 
three distinct stages during the process of the formation of gels. 
The viscosity measurements carried out at the Royal Institute 
of Science have failed to show these stages and hence it has 
been suggested that if they exist at all, they run simultaneously 
and lend to the whole process of gelation an aspect of continuity. 
It has been noted in all the studies that the viscosity increases 
only slowly in the earlier stages but after some time the rate of 
increase of viscosity becomes very rapid. 

Changes in viscosity of inorganic gel-forming mixtures 
during setting are considerably modified by changes in the 
concentrations of the constituents of the gel*formiug mixtm*e8, 
the addition of extra amounts of electrolytes and non-electrolytes, 
and temperature. It has generally been found that an increase 
in the concentration of the metallic ion of the inorganic gel- 
forming substance decreases the rate of increase of viscosity 
while an increase in the concentration of the other ion increases 
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it. It has been suggested that in the former case there is an 
increase in the density of charge on the particles of the gel- 
forming substance and hence an increase in its degree of dispersity 
and a decrease in the degree of hydration 

The addition of alcohols has been generally found to retard 
the rate of increase of viscosity with time in acidic silicic acid 
gel-forming mixtures and the reverse happens in the alkaline 
ones Similar effects have been observed with gels of thorium 
phosphate, thorium arsenate and stannic phosphate. The effect 
of the addition of increasing amoimts of hydrochloric acid has 
been studied by Miss Nathan wlio finds that the rate of change 
of viscosity with time increases up to a certain amoimt only; 
further ad^tions effect a decrease in the viscosity changes. 

Increase of temperature increases the rate of increase of visco- 
sity with time for all the inorganic gel-forming mixtures studied 
so far, thorium arsenate being the only exception to the above 
rule. The reverse effect takes place on the viscosity changes 
vdth time in the case of the organic gels, on rise of temperature. 

The study of the change of ‘viscous behaviour ’ has also been 
suggested by Freimdlich as the best method of attacking the 
problem of thixotropy in a quantitative manner. Viscosity 
measurements during the setting of thixotropic gels of thorium 
molybdate and of stannic hydroxide by capillary viscometer 
have yielded viscosity-time curves which are discontinuous or 
zonal as named by Joshi and co-workers who were the first to 
obtain zonal viscosity-time curves during the studies of the 
coagulation of several colloidal solutions by electrolytes carried 
out at the laboratories of the Hindu University. The nature of 
zones in these curves has been foimd to change with a variation 
in (i) the concentrations of the constituents of the gel-forming 
mixtures, (ii) the hydrogen-ion concentration, and (iii) tempera- 
ture, and (iv) by the addition of extra amounts of electrolytes and 
non-electrolj^s. Such curves have not been obtained in the 
case of thorium arsenate gels®^ which are also known to be 
thixotropic. Hence it has been suggested by us that the zonal 
natme of the viscosity-time curves may be taken as a charac- 
teristic of highly thixotropic gels only. 

Goodeve and Whitefield have shown that for quantita- 
tive work it is necessary to determine the resistance to 
flow, that is, the rate of increase of viscosity under constant 
shear in a fairly short time — a condition which is not reached in 
the usual methods employed for the measurement of viscosity. 
According to them under conditions of steady shear there is an 
equilibrium between the rate of increase of the concentnction of 
the micelles and the rate of their breakdown, and the apparent 
viscosity tj of the system is given by 
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where is the residual viscosity, 8 the shear, and 6 the co- 
efficient of thixotropy which may be stated as the rate of growth 
of structural viscosity with time divided by the probability of 
the viscosity being broken down in unit time by unit shear. 
They have devised an apparatus for the measurement of the 
apparent viscosity of a thixotropic system at different rates 
of shear and have shown that the curves obtained on plotting 
the observed values of viscosity against the reciprocal of shear 
are straight lines at high rates of shear and are independent of 
the rate of shear. The limiting slopes of these lines are the 
coefficients of thixotropy. Measurements made on thixotropic 
suspensions have yielded results which are in conformity with 
the theory but no such work has so far been carried out on 
thixotropic gels considered in this discourse. 

(D) Optical Properties 

The study of the optical properties of gels has a great advan- 
tage over the viscosity as in this case the observation can be 
made without disturbing the internal equilibrium of the system. 
Optical properties which have been studied during the process of 
gel-formation include mainly (1) the scattering of light and its 
polarization, (2) refractive index, (3) extinction coefficient, 
(4) turbidity, transparency or opacity. 

The method of scattering of light was first developed by 
Lord Rayleigh with a view to obtain information regarding 
the size and shape of colloidal particles and the colour changes 
which accompany the coagulation of sols by electrolytes. Arisz 
extended this method to the study of the transformation of the 
glycerol sols of gelatin to the gel state and found that the 
rate of change of the intensity of scattered light increases rapidly 
with temperature during gelation. Kraemer and Dexter ^2 also 
found an abrupt rise in the intensity of the light scattered by 
gelatin solutions at temperatures below 30° within a very narrow 
range of near the isoelectric point. Duclaux and Hirata 
have, however, pointed out that this increase is not due to an 
increase in the volume of the gelling elements but is caused by 
the formation of a network. 

Effects of various factors which influence the process of gela- 
tion, on the intensity of scattered light, express^ in the form 
of the Tyndall number, have been systematically investigated 
by Mardles 74 during the reversible sol-gel transformation of 
cellulose acetate in benzyl alcohol. He ^ds that the Tyndall 
number is a function of the mechanical treatment an(^ the rate of 
gelation. Further, it varies with time, temperature and the 
concentration of cellulose acetate. The Tyndall number- 
temperature curves reveal the existence of a maximum gelation 
temperature while the TyndaD number-concentration curves 
contain a maximum which decreases with rise of temperature. 
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The measurements of intensity and depolarization of scattered 
light have also been made during the reversible sol-gel trans- 
formation of' agar-agar by Krishmmurti whose results also 
point to the existence of a maximum gelation temperature. 
f\irther he finds that there is practically no change in the Tyndall 
number with time at and above 40^, but at and below 35° it 
increases with time until a constant value is reached, and that 
the particles in the gel state are bigger or greater or both than 
in the sol state. 

A new aspect of the subject of scattering of light by colloids 
has been developed recently in the laboratories of Professor 
Sir C. V. Raman. Subbaramiah and Krishnan have shown 
that in order to obtain information regarding the size and shape 
of particles in the colloidal state it is not sufficient to measure 
only the intensity and depolarization of the scattered light. 
They suggest that it is necessary to obtain the values of the 
depolarization factors Ph) for the light transversely 

scattered by a colloidal system with incident light unpolarized, 
vertically polarized and horizontally polarized. The application 
of this method has been extended by Subba Ramai^ to the 
study of the phenomenon during the sol-gel transformation of 
silicic acid, stearic acid and sodium stearate?^^ He finds that a 
continuous increase in the micellar size takes place during the 
sol-gel transformation of silicic acid and this increase continues 
even after the formation of a rigid gel. The micellar size is 
greater in alkaline gels than in the acidic ones of the same 
concentration. 

Refractive index measurements of systems which set to a 
gel have been made by a number of workers in the sol and the 
gel states mainly with a view to determine the transition tempera- 
ture. Miss Laing and McBain ^ employed this method to examine 
the nature of aqueous solutions of sodium oleate in the three 
characteristic colloidal states and found that the sol and the 
gel forms are identical ^yith respect to the refractive index. 

Mardles ^8 obtained indications of change of refractive index 
during the reversible sol to gel transition of cellulose acetate in 
benzyl alcohol. Mathur also found that the refractive index 
increases rapidly as a solution of sodium oleate in pinene is 
cooled and reaches almost a constant value when the gel is set. 
The refractive index changes considerably with the tempeiature 
of setting but with the change in concentration of sodium 
oleate the effect on the refractive index is not appreciable. 

No work seems to have been done on the changes in the 
refractive index of the inorganic gel-forming mixtures during 
the process of gelation. Some observations have been taken 
during the setting of a few gels and it has been found that this 
property does not undergo any appreciable change during the 
gelation process. However, Joshi and co-workers who are the 
first to employ the refractive index method for the study of 
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the kinetics of the coagulation of sols by electrolytes have found 
zonal changes in this property with time. 

The measurement of the extinction coefficient dming the 
process of gelation seems to have been done mainly by Prasad 
and co-workers and Prakash The former studied the 
changes in the extinction coefficient of silicic acid gel-forming 
mixtures during setting and found that the extinction coefficient - 
time curves for the acidic mixtures are S-shaped while those for 
the alkaline mixtures are smooth rising ones. Prakash has 
examined several other inorganic gels by this method. 

The transparency or opacity method was first introduced 
by Mukherjee and co-workers 88 for the study of the kinetics of 
coagulation of sols by electrolytes. In their earlier work they 
measured the changes in the intensity of light transmitted through 
the coagulating system in various spectral regions but later on 
these changes were measured by means of a thermopile which 
was subsequently substituted by a photo-cell by Desai and 
oo-workers 8*. The thermopile method was employed by Prasad 
and Hattiangadi 22 to study the kinetics of the formation of 
silicic acid gels. They found that the curves obtained on 
plotting the deflection differences against time are smooth and 
hence confirmed that gelation is one continuous process. The 
deflection differences reach a constant value tifter some time, 
which they take to be the time of setting of the gel. The 
changes in the deflection differences at various intervals have 
been found to be remarkably influenced hy the alkalinity or 
acidity of the mixtures and the addition of non-electrolytes and 
electrolytes. 

Desai’s photo-cell method has been recently modified by 
Prasad and Modak 85 who have magnified the deflections of the 
galvanometer several times so that even the minutest changes in 
the intensity of the transmitted light may not go unnoticed. 
Employing this arrangement for the study of changes accom- 
panying the process of gelation of stannic phosphate and 
zirconium hydroxide gels they find that the opacity -time curves 
are smooth S-shaped and those get shifted by a change in the 
concentration of solutions employed for the formation of gels. 
The probability of any error creeping in the above arrangement 
due to fluctuations of the current feeding the source of light and 
of the voltage applied to photo-cell, has been removed in the 
apparatus recently devised by Gogate 8® at the Royal Institute of 
Science. Further, by using a compensated photo-cell system this 
apparatus has been adapt^ to re^ directly the opacity changes 
taking place in a gelating system dming setting. 

(E) Synbresis, Drying, Imbibition, Hysteresis in 
Sorption and Swelling 

Some gels exhibit the property of exuding liquid when 
they are aUowed to stand for some time. This phenomenon 
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which is known by the name of syneresis was first obsenred with 
gels of silicic acid but later on Ostwald «« pointed out that it is 
shown by gels of nearly all substances which have widely 
different properties. The liquid exuded during the syneresis 
of geranin gels has been examined by LiepatoiF and is found 
to consist of small quantities of the dye which is present as 
single or double molecules. 

The velocity of syneresis has been quantitatively studied by 
LiepatofF®®, Mukoyama Fergusson and Appleby Bonnel 
Mathur®® and others. For this purpose different methods 
have been employed to determine the amount of liquid exuded 
by a gel at different intervals of time. The influence of various 
factors, such as, the free surface, the concentrations of the 
constituents of the gel-forming mixture, the hydrogen-ion con- 
centration, the presence of the added electrolytes and non- 
electrolytes, the temperature and other factors, on the syneresis 
has been exhaustively studied by some of the workers mentioned 
above and by Prakash and Dhar®^. The results obtained 
have been critically examined by Kuhn who concludes that 
certain gels show increased syneresis with increasing concentra- 
tion whilst other gels behave in the reverse way. But there is 
no general rule regarding the influence of temperature on the 
degree of syneresis which is very sensitive to the presence of 
small amounts of additive agents. In general the syneresis is 
greater when the gel is in the least stable state. 

The liquid contained in the gel (*an be removed by the 
process of drying or desorption. The first important investiga- 
tion on the drying of gels was made by Van Bemmelen whose 
experiments are considered as classical on the subject. He 
determined the loss of water suffered by silicic acid gels when 
they are dried to extreme limits and found that the contraction 
in volume of the gel is accompanied by changes in its trans- 
parency. Bemmelen’s method of study was improved by 
Anderson and Zsigmondy and co-workers®® who observed 
changes of direction in curves obtained on plotting the amount 
of water held by one gram of silica against vapour pressure of 
the gel, at stages corresponding to the changes in its opacity. 
Further, they developed a mathematical expression to calculate 
the radii of capillaries in the silicic gel at different stages during 
drying. Simibff investigations have been made on gels of several 
metal oxides« Desai ®® has shown that the rate of loss of water 
by silicic acid gels is least with neutral ones and increases with 
an increase in the acidity or the alkalinity of the gel-forming 
mixtures. '' 

Fells and Firth observed that when the rod of a gel of 
silicic acid prepared from sodium silicate and hydrochloric acid 
is avowed to d^ under certain conditions, it contiacts in volume 
and is surrounded by fine long needles jutting out of the dried 
rod. On analysis these were found to consist of sodium chloride 
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and their X-ray examination revealed that they possessed nearly 
the same structure as observed in perfect crystals. 

The behaviour of gelatin gels on drying has been found to 
be different from that mentioned above. These gels shrink but 
do not show any changes in opacity at any stage during drying 
and there is no evidence of pores developing in the dried gel. 
Hatschekioi has made an interesting study of the drying of 
gelatin gels made into various shapes and permanently deformed 
or bent before drying. He finds that drying increases the torsion 
considerably and a cylinder containing 10 to 15% gelatin first 
assumes the shape of a barrel with convex ends and finally that 
of a single shell hyperboloid with concave ends. 

The dried gels of silicic acids and ol other metal oxides, take 
up gases and vapours of liquids and although the amount sorped 
is in equilibrium with the pressure of the gas or the vapour, the 
sorption (hydration) isothermal is distinctly lower than that 
observed during desorption (dehydration), that is, the liquid 
content of the gel at any given pressure is smaller during sorption 
than during desorption. This has given rise to the phenomenon 
of hysteresis in sorption. The existence ol the hysteresis loop has 
been observed by Van Bemmelen Zsigmondy Anderson 
Allmand and co-workers McBain Foster and several 
others and some of them have shown that hysteresis is real 
and persists even after drastic degassing of the gel surface. 
Recently, this phenomenon has been exhaustively studied by 
Subba Rao by means of McBain-Baker quartz fibre spring 
balance with dried silica and metal oxide gels which were suitably 
activated. He has shown that the loop is a x)ermanent one and 
is reproducible any number of times. Thus, for example, he 
has reproduced the loop in silica gel- water at the 19th cycle and 
in titania gel-water at the 32nd cycle. Further, he has succeeded 
in scanning the loops by traversing them from various inter- 
mediate points on the main sorption and desorption curves and 
has thus established the i)ermanency and the reproducibility 
of the hysteric loops. 

A similar study has been made by Subba Rao loe of rice- 
water, dhal-water, gum arabic-water systems which also exhibit 
the phenomenon of hysteresis initially but the loop disappears 
on progressive sorption and desorption. However, a series of 
sorptions and desorptions of carbon tetrachloride by the activated 
rice grain shows a permanent and reproducible hysteresis loop. 

The imbibition of water by gels of gelatin and of some 
other substances is accompanied by an increase in volume and is 
called swelling. A considerable information is availablcrregarding 
the velocity of swelling of gels and the properties exhibited by 
’ a swollen gels. Thus, for example, it is known that an appre- 
jble amount of heat is evolved during swelling and the swollen 
exert a pressure (swelling pressure) which is fairly high and is 
ted to the concentration of the disperse phase. An extensive 
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investigation by Proctor and collaborators has revealed 
that the swollen gelatin gels consist of two forms of gelatin, the 
unionized isoelectric gelatin and the ionized salt which may be 
gelatin hydrochlorides or sodium gelatinates. 

The amount of water taken up by gelatin gels not only 
depends upon its concentration and its previous history but also 
upon the hydrogen-ion concentration of the solution from which 
imbibition takes place. Kunitz has shown that gelatin gels, 
up to ten per cent concentration, contract when placed in a 
solution of pH 4*7 but swell if the concentration of the gel is 
greater. He considers that the shrinkage in water is simil^ in 
nature to syneresis and suggests that the two phenomena should 
be considered as synonymous. Hardy h^ suggested that 
the exudation of liquids by gels should be considered as positive 
syneresis and the imbibition as negative syneresis. 

(F) Diffusion and Chemicad bbaction in gels 

Early workers had held the opinion that the rate of diilusion 
of dissolved substances in gels is practically the same as in 
liquids. However, later investigations in this direction have 
shown that this behaviour is true only in certain limiting cases, 
the concentration of the gel exerting a great influence on the 
rate of diflFusion of electrolytes Further, substances of 

high molecular weight have been found to diffuse very slowly 
in gels while for colloidally dispersed substances the gels serve 
as Alters which allow only the dispersion medium to pass through. 

Recently, Friedman and co-workers have studied the 
diffusion of several non-electrolytes in gels of gelatin, agar-agar 
and cellulose acetate in benzyl alcohol, by a new technique 
which has several advantages over those employed previously. 
In this method a gel is covered with an equal depth of water 
which is kept stirred continuously and the diffusing substance is 
contained either in the ^ gel or in the outside water. Small 
samples of water are taken out periodically and analyzed by 
means of the Immersion Refractometer, Increase in the concen- 
tration of the gel has been found to decrease the rate of diffusion 
markedly; the decrease is linearly related to the increase in 
concentration in the case of agar gels. The diffusion coefficients 
have been calculated from an expression developed by Weaver 
and their values in water and in gels are related by the equation, 

j (1 + a)(l +,r) 

in which r is the radius of the diffusing molecule, B the radius 
of tl^ pores of capillaries in the gel, a the correction factor for 
viscosity and w the correction factor for mechanical blocking. 
Patrick and Allan have studied the diffusion of various 
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electrolytes throiigh silicic acid gels and have found that their 
results are not in agreement with Nemst’s theory of difhision 
but can be satisfactorily explained on a theory developed on 
the basis of electro-kinetic potential. 

It has been found that a number of reactions and crystalliza- 
tions which will not otherwise take place, proceed fairly smoothly 
in the gel media. In silica geb, cupric ions are reduced to 
cuprous state and even to metallic copper when treated with 
glucose and basic lead acetate is reduced to metallic lead by 
tin The crystals of mercuric iodide and bromide are obtained 
in elongated tetragonal form when the silica gel containing 
potassium iodide is flooded with mercuric chloride n^. 

A remarkable phenomenon is, however, noticed in certain 
cases in which the precipitate formed by a chemical reaction in 
gel media is deposited in a number of separate bonds or layers 
or rings. The rhythmic or banded precipitation, flrst observed 
by Liesegang and known after him, is observed in Nature 
in systems of very different origin, namely, in rocks, vegetable 
matter, plants and animals. In chemical reactions which give 
rise to such a precipitation it is necessary to use proper con- 
centrations of the reactants and suitably adjust the hydrogen-ion 
concentration of the system. Mitra n® has recently shown that 
periodic precipitates are also formed in the absence of a foreign 
gel during the coagulation of sols of ferric phosphate, ferric 
arsenate and ferric borate imder suitable conditions. 

Several attempts have been made to obtain a mathematical 
expression relating the distances between the different bands 
and the several factors involved in their formation. Empirical 
relations have been obtained by Lakhani and Mathur between 
the distances of rings of the same ordinal number and the 
concentration of the diffusing substance, by Mikhalev, Nikijorov 
and Shemyakin 120 between the distance of the rings and the 
actual spreading velocity, by Suzanne Veil 121 between the order 
number of the principal rings and their distances. A theory 
based on the diffusion law has been recently derived by Hughes 122 
and it seems to account satisfactorily for the distances tetween 
the several bands. 

Various theories have been put forward to account for the 
origin of the Liesegang phenomenon. The older theories were 
based on the supersaturation and crystallization of the banded 
substance and these were followed by theories which aim at 
e^laining the phenomenon from the colloid-chemical point of 
view. According to these theories, the main role is played by 
the adsorption by the precipitate either of the substance present 
in the gel or of the sol of the precipitated substance. 

On the other hand, some workers have suggested that the 
Liesegang phenomenon should be explained on the consideration 
of ^ Broglie waves associated with the movement of the pre- 
cipitating agent. Christiansen and Wulff^28 have shown that 
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the velocity calculated from de Broglie’s equation is in good 
agreement with the experimental value for several precipitates. 
T^ey have also applied the Schrodinger equation to these systems 
and have developed a theory which seems to account for the 
observed phenomenon. Baman and Subbaramaiah have also 
observed a phenomenon with Liesegang precipitates of silver 
chloride and silver chromate in gelatin, and they consider this 
to be unmistakably in the nature of interference effects. 

Thbombs of gbl-fobmation and gel structure 

The above-mentioned and several other investigations of 
the various properties of a number of gels have given birth 
to many theories of the structure of gels, but most of them are 
mere modifications introduced in the general theories, to suit the 
behaviour of particular gels. Three general theories of gel 
structure have been recognized and these are: (1) solid solution 
theory, (2) liquid-liquid theory, and (3) liquid-solid theory. 
None of these explains satisfactorily the phenomena observed 
during the process of setting and the properties of all classes of 
gels when set. 

The methods of preparation of gels indicate that the first 
condition or stage for the formation of gels is that the gelling 
substance should be obtained in the sol condition ; this state may 
only be a temporary one in some cases. This can take place 
either by mechanical action and ion adsorption from a medium 
which does not exert any appreciable solvent action. The 
density of electrical charge on colloidal particles formed from 
ionic solutions may be x)ositive or negative but it should not be 
high as otherwise discrete fiakes which may be gelatinous would 
be formed. The condition of low density of charge is probably 
realized in systems in which the gelling substance is formed as 
the result of chemical reaction. If, however, this condition 
does not exist, it is created in some cases by the addition of 
electrolytes and in other cases by prolonged dialysis. The 
condition of prolonging the dialysis is essential, for Desai and 
co-workers ^26 have shown in a series of papers that the density 
of charge on colloidal particles, determined from the cataphoretic 
velocity, increases during the earlier period of dialysis and 
subsequently decreases. 

Another important condition for the formation of a gel 
is to obtain a sufficient amount of the gelling substance in a 
supersaturated state. The importance of this condition can be 
realized from the fact that imder given conditions certain con- 
centration limits are prescribed for every gel. If these are 
exceeded, no gel-formation takes place. Von Weimam has 
expressed the results of his investigation on the effects of con- 
centration in the form of an equation which leads to the inference 
that gel-formation takes place only when the factors involving 
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viscosity and the degree of supersaturation are large and the 
solubility of gelling substance is small. 

The second condition of gelation consists in the coalescence 
or coagulation of the particles of the sol of the gel-formmg 
substance at a velocity which is not too great 127, Jt has been 
shown by Hurd, Raymond and Miller ^2 that the setting time of 
a particular mixture giving rise to silicic acid gel from a positively 
charged sol, is decreased to a greater extent by the addition of 
sodium chloride than in the presence of the same quantity of 
sodium sulphate. This observation must raise doubts regarding 
the nature of coagulation involved in the process of the formation 
of inorganic gels. But the study of the viscosity and opacity 
changes during the coagulation and gelation of a concentrated 
sol of stannic hydroxide under not widely different conditions 
has yielded results which are similar in nature. De Jong^^s 
has also concluded that gelation of agar sol has all the charac- 
teristics of flocculations. These observations together with the 
fact that same methods are employed for the study of kinetics 
of coagulation and gelation lead on© to conclude that the agglo- 
meration of colloidal particles in inorganic gels takes place by 
a mechanism which is analogous, if not identical, with true 
coagulation. 

The process of the formation of large entities is accompanied 
by very strong absorption of the surrounding medium so that 
the ultimate particles of the gel are so heavily solvated that 
hundreds of molecules of the medium are associated with 
one molecule of the gel-forming substance. These conclusiom 
have been confirmed from the calculations made from Hatsohek’s 
formula for the determination of the degree of hydration. 

The third stage consists in the formation of specific structures 
which are fairly complicated. During this process the complete 
immobilization of the fluid takes place which, according to 
Ostwald, is the most important characteristic of a gel. It is 
probably at this stage that rapid changes in the viscosity and 
surface tension of the gel-forming system take place. Nothing 
definite is known regarding the forces which bind the ultimate 
particles of the gel together ; it has only been surmised that they 
are of the same nature as residual affinities since they can be 
overcome in the same manner as in melting. 

The above discussion reveals that gels are made up mainly 
of two phases. Ostwald pictured that these two phases are 
liquids and on this basis put forward the emulsion theory of gel 
structure. On critical examination Hatschek has shown that 
this theory is faulty since the mechanical properties oi a liquid- 
liquid system do not correspond to those of true gels. 

The other two theories assume that a gel is made up of solid 
and liquid phases. The ultra-microscopic observations and 
the method of Tyndall Effect have indicated that the solid or 
the semi-solid phase is present but it exists in such a fine grained 

8 
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Btraotiire that it is not visible by these methods. The solid 
Bohition theory only states that the dispersion medium is held 
in the gel in the form of a solution in the solid ooUoid and does 
not deal further with the structure of gels. The liquid-solid 
theory considers that the structure of gels may be (i) cellular, 
or (ii) fibrillar or micellar. 

According to the first theory the structure of gels is made 
up of cells built of the solid phase, and these hang together at 
certain points so as to form a network. The liquid phase of 
the gel is held in the form of droplets in this cellular fi'ame work. 
The cellular structure has been actually observed in the case of 
some gels (Btitschli, silicic acid) and the microscopic observation 
of Hardy *8 also lead to the conclusion that gelatin gels form a 
fiamework which is an open structure and which holds the fluid 
phase in its interstices. This theory accounts for the elasticity of 
gels but cannot provide satisfactory explanation for the pheno- 
mena of syneresis, swelling and dehydration and the absence 
of any change in the electrical conductivity during setting 129 , 

The fibrillar theory was first put forward by Niigeli 
postulates that gels are made up of fibrous structure formed 
of the solvated solid phase and the liquid phase is contained in 
the pores of these fibres or aggregates, both phases being con- 
tinuous. Several views are held regarding the mechanism w'hich 
gives rise to the fibriJs. They may be either formed by the 
mechanical agglomeration (following coagulation in the case of 
inorganic gels) of the colloid or may consist of very large 
polymerized molecules or the fine crystals of the gel-forming 
substance. 

In the case of the gelatin gels the sol, according to Bogue 
already contains slightly hydrated molecules united into short 
threads. On cooling the sol, these threads increase in length, 
swell, lose freedom of motion and cohere with each other. Miss 
Laing and McBain^ also consider that during gelation the 
particles of soap sols stick together in filamentous structure, 
Barrat ^82 lias summed up the conclusions regarding the structure 
of elastic gels in a statement that they are made up of a network 
of a mass of intersecting fibrils which are at first microscopic 
and later become ultra-microscopic. 

In the case of silicic acid gel the simple molecules which 
are first formed ^*8 change over to complex molecules (j9-silicio 
acid) probably by condensation accompanied by the splitting of 
water, and the threads are made up of polysilicic acid molecules. 
Hurd ^84 lias suggested that theoretically the process of con- 
densation should occur more readily if an equal number of the 
simple molecules of sihoic acid ionize, giving rise to positive and 
negative ions [Si(OH)8'*’ and SiO(OH)8*] and if the collision 
between them occurs more frequently. The probability of this 
mechaifism is supported by the amphoteric character of silicio 
acid. The poly^cic acid molecul^ chains which are inter* 

8b 
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oonnected in the three dimensions in the gel, are neither large 
nor are they of sufficient density and hence are not visible in 
the microscope. This process of the formation of the fibrils 
explains the absence of a change in the electrical resistance of 
the silicic acid gel during setting and the non-thixotropio 
behaviour of these gels. 

It has often b^n suggested that the solid phase in a gel 
is crystalline and the phenomenon of gelation is similar to 
crystallization. Ej:ejci and Ott have found a cristobalite 
pattern by an X-ray analysis of the freshly prepared gels of silicic 
acid. But there are several gels in which there is no evidence 
in favour of the existence of crystalline structure, although 
a tendency towards such a structure is probably indicated. 
Hardy IS® concludes, ‘The process of gelation has many points 
of resemblance to crystallization but the masses which have all 
the appearance of crystals are not crystals 

The lenticular form of bubbles generated during gelation 
indicate that there exists a force in gels which tends to orientate 
the threads. In this process they cause further contraction 
and thereby affect the squeezing out of the fluid through 
the capillaries. This is manifested as S 3 meresis. During the 
dehydration of gels also the fluid is removed through the 
capillaries which shrink in size and get filled up with air in well- 
dried gels. Synereais and dehydration seem to be related to 
each other, probably on account of the nature of capillaries, as 
both of them liave been found to be minimum in the case 
silicic acid gels near the neutral point. When the dried silicic 
acid gels are moistened with water, the swelling of the outer walls 
of the gels causes a strain which makes the gels crumble violently 
into pieces. This phenomenon was first observed by Bhatnagar 
and Mathur and is described by Ostwald in KoUoid Zeitschrift as 
Bhatnagar-Mathur Effect which has been studied systemati- 
cally at the Lahore Laboratories. 

Diffusion through gels also takes place through the fluid 
which fills these capillaries. They are wide in dilute gels and 
hence the rate of diffiision in them is the same as in the free dis- 
persion medium. But the increase in the concentration of the 
gel narrows down the capillaries and hence diminishes the 
amount of the fluid in them and thereby decreases the quantity 
of the substance diffusing in. 

The size of the pores determined from the dehydration data 
in the case of variously dried silica gels has been found to vary 
between 2’76p/A and l*376/ip between the two opacity points. 
Friedman and co-workers found from the diffusion data that the 
radii of the pores in different gels vary from Im/i to 5mfi. These 
data confirm Pauli’s suggestion that the gels are ultra-porous. 
The average value of the interval between two threads has been 
found by ^aerner i*® to be of the order of 100 millimicrons. 
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Subba Rao has put forward a csoncept that the 
capillaries in the porous gels are in the form of cavities with 
constricted ends. This concept offers not only a satisfactory 
explanation for the existence of the hysteresis loop but also 
explains the phenomena of the scanning and the drift of the loop. 
The disappearance of the loop on progressive sorption and 
desorption in elastic gels, such as those of rice and dhal, is 
explained on the consideration that the cavities swell on the 
imbibition of water, become elastic and hence lose their power of 
entrapping water. 

The length and number of the fibrils in a gel are responsible 
for its elasticity. Poole ^5 has developed a mathematical theory 
for the behaviour, under stress, of a structure composed of a mesh 
of cylindrical threads and found that the experimental elasticity- 
temperature-ooncentration relations for gelatin and cellulose 
acetate gels are in qualitative and approximately quantitative 
agreement with the theory. The time factor or ‘creep* is 
mainly due to the reversible flow of the liquid phase in the 
interstices of the solid phase. 

The fluid contained in gels is probably a solution of the 
gel-forming substance in the dispersion medium. Some of it 
is associated with the micelles and the rest is contained in the 
interstices of the fibrils. These have been considered as ‘fixed* 
and * free * fluids It is the free or interstitial fluid which comes 
off first during desorption of gels. The rigidity of gels has been 
shown to depend upon the relative amounts of the free and fixed 
fluid contained in them. 

Freundlich, Ostwald, Hauser and Kistler^^o consider that 
in thixotropic gels the water molecules are orientated and form 
thick rigid envelopes round the particles of the gel. These 
lyospheres are destroyed by shaking and reformed on allowing 
the gel to stand. But Russel and Rideal^^i have collected 
evidence in favour of the view that the ultimate particles of 
the thixotropic gel-forming material are anisotropic or anisometric 
or both and the charge and the adsorbed water molecules are 
unequally distributed. According to them the structui*e of 
thixotropic gels is made up of these entities which are regularly 
orientated and the mechanical stress only destroys this 
orientation. 

The anisometric nature of the micelles has been indicated 
in sols of cellulose derivatives by X-ray methods. Subba 
Ramaiah has also found from his optical method that the 
micelles in the rapidly setting silicic acid gels possess a spherical 
asymmetry and the spherical symmetry of the micelles in the 
slow setting systems decreases due to an orientation subsequent 
to the setting. Freundlich also states that it is undeniable that 
the articles in many thixotropic systems are non-spherical. 

It would appear from this survey that the fibrillar theory is 
in harmony with most of the characteristic properties and varied 
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phenomena shown by gels. It explains satisfactorily the 
elasticity, viscosity, syneresis, swelling, dehydration and 
hysteresis, diffusion and optical and ultra-microscopic 
phenomena. This theory has the adherence of most of the 
workers on the subject of gels, although it cannot be assumed 
prima facie that all gels have the same architecture. 
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PALAEOGEOGRAPHICAL REVOLUllONS IN THE INDO- 
BURMESE REGION AND NEIGHBOURING LANDS. 

(VINDHYAN TO DEVONIAN) 

INTRODUCTION. 

I deeply appreciate the honour you have done me in 
electing me to preside at the Geology Section of the Indian 
Science Congress. 

We meet to-day at a critic al juncture in the world’s history : 
under the shadow of a great war and at a period of strife and 
restlessness. It is therefore, perhaps, in the fitness of things 
that I should select the title Palaeogeographical Revolutions as 
the subject of my address. Such far-reaching changes are r* u 
merely the heritage of social or political systems, but are also 
inherent in our geological systems, in our great continents and 
the restless oceans. 


THE CHANGING FACE OF THE EARTH. 

The earth pulsates with life. The once lofty snow clad 
mountain ranges, like the Vindhyans, have been levelled and 
humbled by the impact of weathering agents. The Poles have 
wandered far and wide through geological ages and there is reason 
to believe that during the early Gondwana period the South 
pole was situated in the middle of the Indian Ocean, while the 
North pole lay near Tulterango Mexico. ^ On the contrary the 
great ice-bound polar regions supported a warm water coral 
fauna during the Palaeozoic and a warm sun blazoned upon a 
luxuriant tropical vegetation during the Mesozoic era. This is 
not all. Even the great continents having played their part in 
the earth’s equilibrium founder and disintegrate ; the seas become 


^ Hoken, E. Indisches Perm und die Permische Eiszoit. Neues 
Jha/rb.fur. Mineral. Festband, pp. 446-546, 1907. 
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sedimented by the passage of time : the face of the earth changes. 
The result of these phenomena is a redistribution of land and 
sea, of plant and animal life leading, in short, to Geological and 
Geographical revolutions. It is about these changes that I 
propose to speak to-day. 


THE BASIS OF PALAEOGBOGBAPHIO EBSTORATION. 

Before considering the Vindhyan landscape, with which I 
propose to commence, let us for a while examine the basis 
upon which the restorations of ancient geographies are founded. 
The only basis of exact correlation is the occurrence of identical 
species of animal or plant fossils in strata of marine or continental 
origin as the case may be. Our conclusions are true and exact 
in the measure in which our observations and identifications 
are accurate. So much so that when data are reliable it is possible 
to institute exact correlations in strata separated by hundreds 
and even thousands of miles, and we are enabled then to deter- 
mine the extent of inter-marine communicatidns. Pew more 
remarkable instances of this type could be cited than that of the 
Middle Devonian (Eifelian) faunas of the Shan States and 
Germany which, though separated by several thousand miles, 
are specifically identical and are a clear indication of a free 
marine connection between Southern Asia and Northern Europe.^ 
But the task is not quite so simple and many difficulties 
beset the investigator iti this field. There are many anomalies 
which are difficult to explain. The reason perhaps is that the 
most obvious explanations are not always the most reliable. For 
example, whenever the marine faunas in two regions, even in 
close juxtaposition, are unaffined, our first instinct is to inter- 
polate a land barrier, as we have done in the case of the Cretaceous 
Seas of Central and Western India (Bagh Sea) on the one hand 
and Southern India (Trichinopoly Sea) on the other. Referring 
to the accepted contrast between the Bagh and Trichinopoly 
Cretaceous beds Wadia 2 observes that they differ 

‘ As widely as it is possible for two formations of the same age 
to differ * 

and that this contrast 

‘ Denotes isolation of the two seas in which they were deposited 
by an intervening land barrier of great width, which prevented the 
mter-sea migrations of the animals inhabiting the two seas *. 

Recent identifications of certain Bagh fossils, however, tend to 
show that this land barrier was probably not so effective 
and must have broken down during periods of marine trans- 


^ Touche, T. H. D. Geology of the Northern Shan States, Mem. 
Oeol. Surv. Ind., Vol. XXXIX, Pt. II, p. 239, 1913. 

2 Wadia, D. N, Geology of India, p. 207, 1939. 


( 3 ) 


Section IV t Oeology. 


123 


gression for among the Bagh fauna occur Protocardium pondi- 
cherrienae D’Orb., Cardium (Trdchycardium) incomptum Sow., 
Mdcrocalliata aculpturaia (Stoliczka) and TurriteUa (Zaria) 
muUistriata, which are characteristic of the Upper Cretaceous of 
Southern India. A Nautilus — JV, labechei D’Archiac et Haime — 
from the Cardita beaumonti beds of Sind appears, according to 
Blanford,^ ‘Indistinguishable from N. bouchardianus found in the 
upper Cretaceous Arialur beds of Pondicherry *. Our idea of the 
Cretaceous palaeogeography of India therefore needs modifica- 
tion, though perhaps only in detail. 

Differences between the faunas (or fioras) of two regions 
need not necessarily indicate a land (or sea) barrier. Variation 
in the physical conditions such as temperature, depth, rt^lative 
salinity, direction or strength of ocean currents of inter- 
communicating marine regions may be just as effective barriers 
to the migration of marine faunas as land barriers. But our 
knowledge has not yet reached a stage when the effects of these are 
readily traceable in fossil faunas, though the o(*currence of ancient 
coral reefs indicating known conditions of depth and tempera- 
ture, of stunted marine faunas often indicating excess of salinity, 
of the presence of boreal elements (modern representatives of 
which inhabit the cold waters) of xerophytic plant types like 
tlie Lower Cretaceous species WHchselia reticulata^ indicating 
proximity of arid conditions, are often instructive and interesting. 
Similarly differences in the relative heights of neighbouring 
regions may effectively bar the intermingling of fioras and if 
these differences are considerable, as in the case of high mountain 
ranges, sharply defined floral zones may result without the 
interpolation of actual physical barriers. 

In a certain measure the immediate environment must 
always leave a marked local impress upon faunas and floras, 
but certain widespread or cosmopolitan types sometimes weave 
a thread of uniformity through the otherwise differing life- 
provinces, though these maybe suggestive only of remote connec- 
tions. It is the more characteristic and vertically confined 
types that are the more useful for palaeogeographic restoration. 
Thus the Lower Devonian fauna (Hercynian facies) character- 
ized by Tentaculites elegana,^ the Middle Devonian fauna 
characterized by Caheola saudalina and its associates, the 
Upper Devonian fauna with Spirifer verneuili give us clues to the 
intercommimication of the seas during these times. The genera 

^ Blanford, W. T. Greology of Western Sind. Mem, Qeol. Surv, 
Ind., Vol. XVII, Pt. I, p. 36, 1878. 

2 Sahni, B. The occurrence of Matonidtum and Weichaelia in India. 
Bee, Qeol, Surv, Ind„ Vol. 71, Pt. 2, p. 166, 1936. See also Gothan, W. 
Jahrb, Preuas Qeol, Landeacmat, 43, pp. 772-777, 1921. 

* The question of the age of this Hercynian fauna in the Shan States 
wiU be discussed in detail later. 
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Olossopteris and QigarUopteris^ both widespread forms give the 
extent of the continents during Permian times. Particular 
importance therefore attaches to forms that are widespread yet 
confined to certain regions and horizons. 

There is another very important factor which has probably 
been overlooked much oftener than we realize. I incline to 
the view that the supposed effective barriers which have been 
presaged in some cases where faunal differences are manifest 
are probably hypothetical. Such dijferences may he due to the fact 
that we are not dealing with strictly contemporanecms faunas y hut 
with faunas of varying ages within the same geological system. We 
may even be dealing with faunae that are insufficiently known 
or indifferently preserved so that the extent of affinities with 
other faunas may be exaggerated or minimized because of 
incomplete determination. 

Thus it is often stated that while the Ordovician fauna of 
the Northern Shan States bears a striking relationship to the 
North European fauna, the Himalayan fauna appears to be 
afi&ned to the American Ordovician fauna and therefore it is 
argued that an effective barrier separated these regions. But 
in my opinion this explanation is unsatisfactory, and the 
differences between the poorly preserved Himalayan faunas 
and the Shan Ordovician faunas are probably due to lack of 
absolute contemporaneity rather than to imaginary barriers. 
However, this problem will be further considered later under 
the Ordovician section. Likewise the greater afi&nity of the 
Cambrian faunas of Iran with the far Indo-Chinese rather than 


^ ^ 9 ^f^^opferis and Qloaaopteris floras although now in close 
juxtaposition are quite distinctive. It has been claimed that their 
present position is the result of drifting towards each ether of the continents 
supporting these floras (Wegner’s hypothesis of continental drifts). This 
explanation however does not seem altogether satisfactory, for if the sea 
^parating them was a narrow one then a fair intermixture would be 
inevitable, which is not the case. If, on the other hand, a wide geosyncline 
separated the continents then their drift towards each other would lead 
to puckering up of the geosynclinal sediments and a mountain range 
would result. The ESastern Assam and Arakan regions would at flrst sight 
appear to supply the requisite mountain range. But surprisingly enough 
the Eiastern Assam and Arakan ranges which practically form the 
boundary between the Olossopteris and Oigantopteris floras do not contain 
any Permian or pre-Permian marme sediments ; at least such are not 
expo^d on the surf^e and we may perhaps conclude that there was 
no wide marine barrier between those palaeobotanical life -provinces. A 
more satisfactory hypothesis therefore appears to be that these floras 
lay in d^orent conti^ous climatic zones, which explains both the 
juxtaposition and distinctiveness of these floras. The palaeobotanical 
data, aecorduig to my brother Prof. B. Sahni, clearly indicate that 
the climatic differences between the two provinces are well marked, 
that the ^ Oigantopteris flora is a warm climate flora and that the 
Olossopteris flora is a temperate flora, starting originally as a cold 
teiqperate flora. (See B. Sahni, Journ. Ind. Bot. Soc,, Vol. XV, No. 5, 
pp. 322-323, 1936, and E. Norin, G^l. Foren Stockholm Forh Bd. 46, 
Heft. 1-2, 1924.) 
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with those of the Salt Range which lay in the same pathway of 
migration, is in our opinion due not to any impassable land 
barrier but to difference in the relative ages of the Cambrian 
faunas of the first and last named regions. 

Sudden bursts of migration and the apparent mingling of 
faunas of different ages often present baffling problems. One 
cannot cite a more striking instance than that of the Zebing3d 
fauna of the Shan States in which are co -mingled species of 
Monograptua, so typical of the Silurian, and Tentaculitea eUgana, 
equally characteristic of the Hercynian (Lower Devonian) facies 
of Southern Europe. The question then faces us, what is the 
age of the Zebingyi beds — Silurian or Devonian ? for upon our 
reply will depend our conception of the distribution of seas 
during those periods. I shall endeavour to answer this question 
later. 

Often there is wide divergence of opinion in the interpretation 
of evidence which may affect problems of palaeogeographic 
restoration. Thus the Namyau strata of the Shan States are 
relegated to the Trias by Frommaget 2 and others working in 
Indo-China, while I consider their Jurassic age unimpeachable. 2 

Of recent discoveries in Burma which affect the problem 
in hand reference must be made to the important find by Clegg ^ 
of certain foraminiferal sediments in the Second Defile of the 
Irrawaddy river. The Cretaceous ® age of these sediments was 
proved by my identification of the genus Orhitolimi, Apparently 
a single species, Orhitolirva hirnianica Sahni, is represented. ® 
Reference may also be made to recent finds, during my survey - 
of the Shan States, of ammonite bearing Lower Triassio strata ^ 
(Na Hkyam beds) in the Northern Shan States as well as of 
Middle Devonian rocks ® (Meso beds) in the Southern Shan States. 
The Na Hkyam beds constitute the only known record of the 
Lower Trias in Burma, while no other Middle Devonian rocks 
are known from the Southern Shan States. 

But since some at least of those discoveries refer to the 
Mesozoic, we are not directly concerned with them here. 

We may now revert to a consideration of the Vindhyan. 


^ La Touche, T. H. D. Loc. cU,, pp. 1(53-170, 1913. 

^ Frommaget, T. BuU Sirv. Qhol, Indochiyie, Vol. XVlll, Fasc. 5, 
pp. 19-20, 30, 1929. 

3 Sahni, M. B. Rec. Qeol, Surv, Ind„ Vol. 71, Pt. 2, pp. 217-230. 

* Clegg, E. L. G. Rec. Qeol. Burv. hid., Vol. 72, pt. 4, 1937. 

3 Sahni, M. B. Rec. Qeol. Surv. Ind., Vol. 71. 

® I provisionally assigned the topmost Barremian age to this species 
on account of its close relationship with Orhitolina tibetica Cottar, Further 
comparisons appear to indicate much similarity with 0. scutym v. Fritsch 
and O. trochzis v. Fritsch, of the Cenomanian. The possibility of the 
Burma orbitolines beinir Cenomanian cannot therefore be entirely over- 
looked. 

^ Sahni, M. B. Proc. Twenty-fifth Indian Science Congress, Part 
IH, p. 114, 1938. 

® Ibid., pp. 114-115, 1938. 
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bnuMopoda. I considered their aflBnities uncertain and therefore 
proposed the family Fermoriidae for them: one specimen — the 
only one which looked like one of the Atremata — ^was renamed 
Vindhyandla. 

Howell in a personal communication to me has expressed 
accord with my views and considers the Vindhyan forms related 
to some similar remains discovered in the United States, in rooks of 
?pre-C5ambrian age. Although indefinite comparisons have been 
suggested with early Cambrian forms none of these organic 
remains from the Vindhyans are related to the fossils from the 
known fossil horizon in the Cambrian of the Salt Range or Iran. 
In the absence of fossil evidence it is impossible to suggest 
any precise correlation of the Vindhyans of Central ^dia 
with the Salt Range Cambrian succession or the Hormuz Series 
of Iran. There is indeed no consensus of opinion whether the 
Cambrian strata in the Salt Range are of Lower or Middle 
Cambrian age, though evidence is now veering towards the 
latter view. And the supposed Lower Cambrian ago of the 
Iranian (Hormuz) strata is now definitely proved to be Middle 
and Upper Cambrian. It would appear that the correlation of 
the Vindhyans with the Salt Range and Hormuz Series was 
tempted by the supposed Lower Cambrian age of these strata 
and their marked lithological similarity supported possibly in 
some measure by the supposed primitive brachiopod affinities of 
the Vindhyan fossils. But since the only known Vindhyan 
fossils have been shown not to be brachiopods of Lower Cambrian 
affinities or not even brachiopods at all, I think a correlation 
between the Vindhyan and Cambrian strata seems unjustifiable 
though one may certainly concede that the physical conditions 
remained unchanged from the Vindhyan to Cambrian times. 
Moreover, since the Vindhyans are so little metamorphosed, the 
absence of other fossils such as tribolites or pteropods seems 
difficult to explain, especially when the conditions of deposition 
were identical, at least in part. It is in my opinion unlikely 
that if the Vindhyan, the Salt Range and Iranian strata belonged 
to the same province of sedimentation, the one would be so 
bereft of life while the others teemed with it. 


SOUTHEKK A2^I> EASTBRIJ ASIA. 

Let US now examine the conditions prevalent further east, 
in the central and eastern Himalaya, in Burma and China. 

Our ideas concerning the Vindhyans of the Himalayan region 
have uxKiergone much change sinoe Vredenburg ^ suggested that 

* amongst the mountains of Northern India, the Vindhyans are 
represented by the Deoban Series near Chakrata, the Krol Series and 


1 'Vredenburg, E. W. Geology of India, p. 34, 1910. 
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Infira-Krol of the Simla area, the Haimanta of the Northern Hima- 
laya, the Attook Series of the Punjab, and a portion of the Panjal 
System in Kashmir. 

* Of these extra peninsular occurrences, the Attock Series corres- 
ponds more partioiilarly with the Lower Vindhyan, the Krol Series 
more particularly with the Upper Vindhyans. The Haimanta pro- 
bably includes both.* 

The fossil fragments of the genus ? Ghonetea found, according 
to Das-Gupta and Vredenburg,^ in the Krols near Solon (Simla 
Hills) appear to indicate that they are much younger than 
Vindhyan strata and are probably of about Permian age. 
Auden 2 disagrees with this identification completely (as did 
Hayden earlier) and even suggests that the supposed Chonetes 
from the supposed Krols is in fact an Oyster from the Subbathu 
series 1 I have not seen this Chonetes and am therefore unable 
to express an independent opinion on this identification, but in 
regard to the field relations of the beds under consideration, I 
am sure, my colleague’s observations can be entirely relied upon. 
However, the main fact from my viewpoint is that at all events 
the Krols are post-Vindhyan, a view already expressed by 
Pilgrim and West ^ in 1928. 

We are then left with the unfossiliferous sediments variously 
grouped under the names Baxa, Jaunsar, Attock and Simla 
slates. Are these to be correlated with the youngest of the 
Purana sediments, namely, the Vindhyans ? .^e they even to 
be correlated amongst themselves? There is at present no 
satisfactory reply to these queries, but their correlation with 
some part of the Vindhyans appears at least n plausible, oven 
though speculative hypothesis. If we accept this correlation we 
may visualize the extension of a northern Vindhyan sea over 
certain parts of the lesser Himalayas. This sea probably did not 
extend much further north, for Tibet was then proba.bly a land 
area. In this connection it may be mentioned' that the age of 
the Balam series doubtfully assigned by Heim and Gansser ^ to 
the basal Cambrian is not precisely known and therefore no 
correlation with the above-named formations can be suggested 
at this stage. 

We may now consider the correlation of the lower part of 
the ]^imaiita system with the Vindhyans. This system 
includes : — 

Fossiliferous slates with Olenvs . . 1,000 ft. thick. 

Slates and quartzites without fossils . . 300-400 ft. thick. 

1 Das-Gupta, H. C. and Vredenburg, B. W. Jour. As, See,, Bengal, 
N.S. Vol. XIV, p. clxxxv, 1918. 

* Auden, J. B. Rsc, Geol. Surv. Ind„ Vol. LXV, p. 686, 1932. 

• Pilgrim, G. and West, W. D. Mem, Qeol, Surv, Jnd„ Vol. Llll, 
p. 8, 1928. 

^ Heim, A. and Gansser, A. Central Himalaya. Geological Observa- 
tions of the Swiss Expedition. Denkschr. Schweiz, Natwrforaeh, QeseUseh., 
Bd- LXXm, Abh. I, p. 202, 1936. 

9 
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the boundaries of this northern sea and its probable connections 
with the South Vindhyan sea of the Central Indian region ! 

CAMBRIAN PALAEOGEOGRAPHY. 

EXTENSION OF THE OAMBBIAN SEA TO WESTEBN ASIA. 

Recent work has necessitated far-reaching changes in our 
conception of the Cambrian palaeogeography of Asia which I 
would now like to bring to your notice. It was at one time be- 
lieved that the genus Redlichia was confined to eastern Asia and 
that it did not occur in any other part of the world. It was like- 
wise held that in the Asiatic region, Cambrian strata were confined 
to eastern and southern Asia. We now know that Cambrian 
strata as well as the genus Bedhchia are widely distributed in 
western Asia having b^n found at numerous localities in Iran. 
The statement that ‘our ignorance of the existence of any 
Cambrian beds in Persia (Iran), Asia Minor or north-east Africa 
prevents any definition of the lx)iuidaries of the Pacific province 
in the region to the west of India * ^ thus needs emendation in 
important respects. Further evidence might show — indeed 
there appear to be indications in that direction — ^that the barrier 
which is believed to have ‘efiectually checked the free inter- 
migration of the typical European and Asiatic faunas in this 
direction (west of India) during Cambrian times * was probably 
not completely efiective, as beheved,^ but permitted slight, very 
slight, intermingling far in the west. 

The extensive occurrence of thick deposits of Middle and 
Upper Cambrian ages in Iran has been proved within recent 
years by the geologists of the Anglo-Iranian Oil Company.^ 
Fossiliferous Cambrian strata have similarly been recorded from 
as far west as the shores of the Dead Sea. Indeed this record 
dates as early as 1910 when Blanckenhom^ announced the 
occurrence of a representative of the genus Ptychoparia in that 
region, but it appears to have been lost sight of. The occurrence 
of representatives of the Middle Cambrian Hormuz Series on the 
islands off the pirate coast of Oman and probably also on the 
Arabian mainland h^ similarly been proved. These are impor- 
tant discoveries. Of no less significance is the identification of 


A RecMl, F. R. C. Rec, Oeol, Surv, IntL, Vol. XL, Pt. 1, p. 16, 1910. 

^ Ibid,, p. 16, 1910. 

* Bdckh, H. de, Lees, G. M. aud Richardson, F.D.S. Contribution 
to the Stratigraphy and Tectonics of the Iranian ranges (in Gregory, J. W., 
Structure of Asia, 1929). 

* Blanokenhom, M. ZeiUehr. DeiUsch, Qeol, 0e9eU9eh„ Bd. LXII, 
pp. 410-13. 

* King, W. B. R., remarks that this form which suggests relationship 
with ProtcUnus may be identical with his Anamooare campbtUi {vide 
Oeel, Mag,. Vol. LX, p. 514, 1923). 
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Paradoxides from Palestine by Blanckonhom which even suggests 
some connection of the Middle Cambrian sea (which we 
now know extended from the Rocky Mountain region of 
western America across eastern Asia, the Himalaya, Salt Range 
and as fer west as the Dead Sea) with the European Mid^e 
Cambrian Sea, of which Paradoxides was the dominant genus. 
This view was indeed suggested as long ago as 1915 by 
Dienmann^ but did not receive sufficient notice. In this 
connection it may be remarked that according to King* the 
species Anomocare campbelli described by him from tlie Dead 
^a region is closely allied to a British form, Anomocare platy- 
cephalum and probably indicates marine inter-communi(*ation. 
\^ile, therefore, it is time that ‘no Mediterranean or ancestral 
tethys is proved by palaeontological evidence to have then been 
established, and the dissimilarities between the nearest European 
fauna and that of Spiti and the Salt Range are thertdort^ marked 
the occurrences just mentioned provide additional proof of slight 
intermingling of the European and Asiatic seas. 

We may now consider the evidence for the extension of the 
(Middle and Upper) Cambrian seas from Spiti to the Salt Ranges 
and beyond into Persia and Palestine in gr(‘at(‘r detail. 


THE SALT RANGE CAMBRIAN, 

EAST ASIATIC (INDO-CHINESE) AFFINITIES OF THE IRANIAN 
CAMBRIAN FAUNAS. 

The generalized Cambrian succession in the Salt Range is as 
follows : — 

Salt pseudomorph shales . . Variegated flagg.v bods of pr-e vail- 
ing purple or green colour. 
White or green sandstone's, often 
dolomitic. 

. . Fossiliferons grey or dark shales. 

. . Red or purple sandstones. 

Loose red earth or marl with salt 
and gypsum. 

In an important paper published under the authorship of 
Bockh, Lees and Richar^on ® it is stated that 

‘ the salt plugs of the Persian Gulf are ovorlaiii by purple sand- 
stones, sandstones containing salt * pHoudomor|)hs * and sandy 
dolomites and shales containing Cambrian trilobiU^s .... 


Magnesian sandstone 

Neobolus shales 
Purple sandstones 
Salt marl 


* Dienmann, W. ('entralbl. Jvr Mxn. Oeol, uml Palaeont., Vol. XVJ, 
pp. 23-6, 1915. 

* King, W. B. R. CboL Mag., Vol. LX, p. 511, 1928. 

* Cobbold, E. S. Quart, Jour. Qeol, Soc., Vol. LXX VI. pp. 330 1 , 1 920. 

* Reed, F. R. C. Ree. Oeol. i^urv, Ind., Vol. XL, Pt. I, p. 15, 1910. 

< Tak. cit., p. 84, 1929. 
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The sequenoe given above« abowing the purple sandstone imme- 
diately overl 3 ring the Hormus salt, eorreeponds with the salt Range 
suooossion * 

Pilgrim’s a>8sigiwtion of the Hormuz Series to the Jurassic t is 
of course entirely erroneous. The correlation of the Salt 
Ran^ and Iranian Cambrian successions may therefore be 
considered established, but this correlation can only be a 
general one for the description of the Iranian and Salt Range 
Cambrian trilobites published ^ in recent years does not indicate 
close affinity between them, though it must be adbtnitted that tiie 
number of species recorded is not large. The most noteworthy 
point therefore is that the Cambrian feiunas of ]^n are not related 
to those of Spiti or even the Salt Range but, on the contrary, as 
we shall presently see, they are closely related to East Asiatic, 
that is, Chinese and Indo-Chinese faunas. Relationship with 
Indo-China is especially marked by the presence of the genus 
Billingaella, the Iranian representative of which may be identical 
with B, tonkiniana from Indo-China. Lack of time prevents me 
from giving a detailed analysis of the faunas of these regions, but 
reference can be made to the works of Waagen Redlich,* 
Walcott ® and to the more recent papers by King 


AFFINITIES OF THE CENTRAL HIMALAYAN CAMBRIAN FAUNA. 

In order to complete the picture I may now consider the 
Himalayan Cambrian. The evidence so far recorded establishes 
west American affinities for the Spiti Cambrian faunas. The 
Spiti species of Anomocare and Ptychoparia are allied to 
American forms, while the presence of such genera as 
ZacarUhmdea, Oryctocephalua and Eocyetia in both regions is 
noteworthy. It is, liowever, equally remarkable that the 
Spiti Cambrian fauna is less affined to the nearer Chinese 
than to the American faunas, though the occurrence of the 


1 Drs. I^ckh, Lws and Richardson, in their paper just referred to, 
state that the Iranian Cambrian sequence (Hormuz Series) as given 
by them does not agree with that given by Pilgrim in his latest Memoir 
{Mem. Geol. Surv. Jnd.^ Vol. XLVIII, Pt. 2, 1935). Surprisingly enough 
Pilgrim referred the Honnuz Series to the Jurassic apparently on purely 
hj^thetioal evidence, rather than to the Cambrian, and seems to have 
missed the fossil evidence completely. We may therefore reasonably 
accept the Hormuz succession as given by the first named authors rather 
than Pil|^iiii*8. 

* King, W. H. R. Prd. Ind., New Ser., Vol. XXII, Mom. No. 5, 
1937. 

* Waagen, W. Pal, Ind., Ser. XIII, Vol. I, 1887 ; ibid., Vol. IV, 
180 ]* 

* Kedlic-h, K. Pal. Ind., N.S., Vol. I, Mem. No. 1, 1901. 

» Walcott. C. D. Proc. Watltinf^n Acad. So., VoL Vn, pp. 261-256. 
1906. 

* King. W. B. K. Ree. Gtol. Surr. Ind., Vol. LXXV, Profoarional 
paper No. 8, p. 40. 
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‘Chinese genus Shanlungia in Spiti (apart fn>ni Redlichia) shows 
that free communication existed l^tween these regions. The 
presence of many cosmopolitan genera like Agnoatua, Microdiacua^ 
Anomoeare and Ptychoparia ftoher emphasizes this connection 
though less importance is usually attached to such types. 
The occurrence of Olenva at Spiti further indicates a northern 
connection of the Himalayan Cambrian sea with the European 
sea, but with that we are not here concerned. 

FAUNAL ANOMALIES AND THEIR PROBABLE EXPLANATION. 

One fact of gi’eat importance w^hich thus emerges is the 
marked divergence of the M. Cambrian faunas of Iran, the Salt 
Range and Spiti^ The affinities of the Iranian Cambrian faunas 
with the far Chinese and Indo-Chinese to the exclusion of those 
of the Salt Range and Spiti raise some important questions 
concerning the routes of migration of these faunas and their 
inter-relationship. How are we to reconcile the diverging 
affinities of the Cambrian faunas of these regions ? Does this 
divergence postulate the occurrence of physical barriers or is 
it capable of some other explanation ? T^et us for a moment 
examine the position. 

This divergence suggests at first sight that the route of 
migration of the M. Cambrian faunas to Iran did not lie across 
the 8alt Range region. Two alternatives are |X)Rsible. Firstly 
it may be suggested that there was an independent connection 
between the Iranian and Chinese regions. Tliere is however no 
evidence of this. Therefore the solution probably lies in the 
second alternative that so far as the M. Cambrian is concerned, 
the apparent discrepancies between the Iranian, Spiti and Salt 
Range faunas are probably due to differences in horizon within 
the Cambrian series, rather than to absence of direct com- 
munication between these regions. 

This view is also suggested by recent work as a result of 
which it has been established that the following succession of 
faunas occurs in Iran : — 

4. Saukia fauna . . High U. Cambrian. 

3. Chuangia fauna . . Low U. Cambrian. 

2. Irania fauna . . Highest M. Cambrian. 

1. Redlichia fauna . . Ba^l M. Cambrian. 

According to this view the Salt Range Cambrian corresponds 
approximately to horizon I. of M. Cambrian age where al^ the 
RMichia horizon of Spiti belongs, while still higher beds in 
the Himalayan Cambrian probably fit into the gap between the 
Redlichia and Irania &unas of Iran. 

’ King, W. B. R. PaL fnd,. New 8er., VoL XXII, Mem. No. ft, 
1937 . 
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No Upper Cambrian strata have been found in the Salt 
Range. It may thus be maintained that in Upper Cambrian 
times the sea retreated from the Salt Range while it still persisted 
in Iran where the Saukia and Chuangia faunas then flourished, 
and probably also in the Central Himalaya where Okms occurs 
and shows a northern connection with the Upper Cambrian 
Olenus sea of Europe. But if a post Middle Cambrian barrier 
(in the region of the Salt Range) separated the sea in Iran from 
its eastern continuation, we cannot expect to find the Iranian 
Upper Cambrian &una affined to faunas further east of the 
Salt Range unless the barrier was of short duration. Such 
aflSbiities, however, do exist i^id suggest communication via the 
EQmalayan region. 

The discoveries of Cambrian trilobites in Kashmir by the 
Yale North India expedition and by Wadia^ appear to lead 
in a remarkable manner to this conclusion, for Cowper Reed 
has recently described the Upper Cambrian genus Chuangia 
from Kashmir 2 . It defines the basal Upper Cambrian 
horizon in Iran. This genus is thus common to Iran, Kashmir 
and Indo-China, and therefore the Kashmir region forms a 
definite link between Iran on the one hand and Indo-China 
on the other. The same is true of the Middle Cambrian. From 
Hundwara (Yale expedition collection) Kobayashi® has described 
a species of Agfiastus which he compares with A. rakurdenses 
from Chosen in China. The form described by Reed ^ from Spiti 
as Ptychoparia memor has also been found m Kashmir though 
referred by Kobayashi to AnomocarelUiy and is compared with An. 
megalurus Dames, from Tonkin. More important still, the charac- 
teristic Indo-Chinese genus TonMnella is now recorded from 
Kashmir^ in the species T. breviceps Kobayashi. The occurrence 
of species of Anomocare and Conocoryphe in Kashmir which 
are closely allied to the Indo-Chinese species is likewise of great 
interest and emphasizes marine connection between these regions. 
The genus Redlichia has, however, not been found in Kashmir. 

EASTERN ASIA. 

East and sodth-east of the Central Himalayan region there 
is a big gap for no Cambrian strata are known either in Assam, in 
the Amkan Yomas or even in Burma proper. 


1 Wadia, D. N. The Cambrian-Trias sequence of North-Western 
Kashmir. Rrc. Qtol. Surv. Ind., Vol. LXVni, Pt. 2, pp. 137-142, 1935. 

* Reed, F. R. C. Loc. cU., p. IS, 1934. 

* Kobayashi, T. Amer, Jaum. Sc., Ser. 5, Vol. XXVII, pp. 295-302, 
1934. 

* Reed, F. R. C. Pcd. /nd., Ser. XV, Vol VII, Mem. No. 1, 1910. 

A Kobayashi, T. Loc. ett., Pt. 1, pp. 1-6. 1934. See also Reed, 

Pol. Ind., N.S., VoL XXI, Mem. No. 2, p. 9. 1934. 
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The eastmrd extension of the (Umbrian sea is» however, 
proved by the occmrenoe of (!!ambrian fossils in Yunnan ^ (genus 
Meaonachis) Indo-China * (genera Cooaia, Chuangia^ BilUngsella, 
etc.) and China. It was thought that the Chinese M. Cambrian 
possessed a marked local impress ® suggested by the genera 
DameseUa, Drepanvra and Blackwdderia, In a paper by King ^ 
now in the press the probable occurrence of Blackwelderia in the 
Salt Range is noticed, and this is not without significance. 

The discovery of Chvungia in Kashmir indicates clearly that 
the westward migration of Indo-Chinese forms lay along the 
Himalayan region, that discoveries of new horizons must ex- 
pected and that the supposed discrepancies between the (Cambrian 
faunas of neighbouring regions (when those of distant areas are 
related) are probably due to slight differences in horizon of these 
faunas. Likewise the identification of Blackwelderia in the Salt 
Range suggests that much more remains to be done before we 
can explain the divergences of faunas by reasons other than by 
the absence of detailed information. 

RECENT EVIDENCE BEARING ON CAMBRIAN PALAEOGEOGRAPHY. 

We have seen that there is no ce^rtaiu record of the Lower 
Cambrian in Iran, unless the rocks at Kuh-i-banaii and Kuh-i- 
dinar are so regarded, and that in all probability this horizon is 
missing also in the Salt Range. Further east, too, no Lower 
Cambrian strata are met with till we reach the Indo-Chinese 
region. We may therefore conclude, on the evidence at present 
available, that the Lower Cambrian in southern and western 
Asia was dominantly a continental period. Grabau, as also 
some of the earlier authors, however, regard the various Medlichia 
horizons as Lower Cambrian and in palaeogeographic maps the 
Lower Cambrian sea is shown to extend from China to as far as 
the Salt Range. Since Redlichia has now also been found in 
Iran the Lower Cambrian sea would according to these views 
extend into western Asia. More recent studies, however, regard 
the Redlichia horizons as basal Middle Cambrian, or possibly 
topmost Lower Cambrian. But the range of this genus may 
well be much greater than we suspect. 

The Middle CJambrian was a period of widespread marine 
transgression and the Middle Cambrian sea extended from 
north-west America to western Asia, as far perhaps as the Bead 
Sea. 


* Maiimiy, H. Menu Serv» QeoL Indochine^ V\>1. I, fasc. 2, 1S12. 

2 Ibid,, Vol. IV, fa«o. 2, 1916. 

3 Grabau, A. W. Stratigraphy of China, p. 28, 1923-24. 

3 KiiJLg, W. B. R. Rec. Oeol, 8vrv, Jnd,, Vol. LXXV, Professional 
paper No. 9, 1940. 
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With the exoeption of the Salt Range area, the evidence of 
the tipper Oambrbn fetunas shows the perpetuation of Middle 
Cambrim marine conditions into Upper C!ambrian times. But 
the close affinities of the west and east Asiatic &unas (Iran and 
Indo-China respectively) are strongly suggestive of a continuous 
passage, even though there was a temporary retreat of the Upper 
Cambrian sea from the Salt Range area. 

As will appear presently, at the close of the Upper Cambrian 
period the sea retreated entirely from the region west of the 
Central Himalayan area. 


ORDOVICIAN. 

RETREAT OF SEA PROM WESTERN ASIA. 

Towards the close of the Cambrian period a great change 
came over the western Asiatic region, '^e sea which, at least 
during the Middle and late Upper Cambrian times girdled the 
(»arth from the Mediterranean region to the western shores of 
North America receded from the region of the Dead Sea, Iran 
and the Salt Range, for no Ordovician or Silurian strata have so 
far been found in Iran, Afghanistan, Beluchistan or the western 
Himalayas. These areas thus became dry land. Indeed the 
whole of this region remained a land area till the Middle Devonian. 
In M. Devonian times a world-wide transgression gave rise to 
marine conditions once again and the seas flowed westwards 
over the site of the Cambrian geosyncline and broke through 
to mingle with the Middle Devonian sea of northern Europe. 


THE PUZZLE OP THE HIMALAYAN AND SHAN ORDOVICIAN FAUNAS. 

One of the most important and intriguing problems of the 
Ordovician of southern Asia is the anomalous position of the 
Himalayan and Burmese Ordovician faimas. Considerable 
emphasis is invariably laid on the fact that while the Burmese 
famias are more closely allied to those of Europe, the Himalayan 
forms show American affinities. 

Thus according to analyses by La Touche and Cowper Reed 
as many as sixty-six per ocmt of the Northern Shan State 
Ordovician species possess European affinities (10 being identical 
to the two regions), while only about twenty-seven per cent are 
related to American forms. On the other hand, as many as 
forty-two per cent of the Himalayan Ordovician fossils are 
believed to possess American affinities, though none of the species 
are common to these areas. The contrast between the Hima- 
layan and Burmese faunas is equally well marked, for only 11 out 
of 124 Himalayan species are allied to Shan States forms and only 
three for^ are identical in the two regions. The composition 
of the Himalayan and Shan faunas is also totally different, for 
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wliile C3^tideanB and Trilobites predominate in the Shan fEiunas, 
Mbllusca, Brachiopods and Corals form the leading elements in 
the Himalayan fauna. We are thus onoe again face to feoe 
with the same problem that we meet in the case of the Cambrian 
faunas of Iran, the Salt Bangs, Himalayas and Indo-China. 
The Shan States Ordovician faunas lie along the route of the 
westward invasion of American faunas. How was it, then, that 
this invasion failed to leave an impress upon the Shan faunas 
while it gave the far Himalayan &unas their distinctive American 
stamp? The absence of American types, still further east or 
north-east, that is, in Burma and China, along the probable 
route of migration is no loss a puzzle. And if it is sought to 
explain this anomaly by postulating an invasion from the south, 
via the region of the present Indian Ocean, then the absence 
of American species in the neighbouring regions still remains 
unexplained. 

The American affinities of the Himalayan faunas when those 
of the Shan faunas are European as well as the striking contrast 
in their composition, have suggested the presence of barriers 
between the two regions. However, to any one familiar with the 
state of preservation of the Himalayan Ordovician fossils it seems 
obvious that too much emphasis has been laid upon their apparent 
American affinities, and sufficient cognizance has not been taken of 
the fact that we are probably dealing with varying horizons. 
Certain authors even believer that this apparent similarity is due 
to parallel evolution. Recent fossil discoveries in the Southern 
Shan States, accounts of wliich have been published by Reed,^ 
seem to support the former hypothesis. 

An analysis of the Southern Shan States faunas shows that 
most of the forms are new. And while the proportion of forms 
related to European species is compirativelj large the fauna 
also possesses decided American affinities, though no distinctive 
American species occur. These fresh discoveries appear to 
indicate that while the European element in the Shan faunas is 
predominant it is not such in eveiy case, the Southern Shan States, 
for example, as so completely mask the American element. 
One may therefore venture to suggest that we are not dealing 
with identical horizons and that the exact equivalents of the 
Himalayan Ordovician still remain to be discovered in the eastern 
region. Indeed the available evidence seems indirectly to point 
tliis way, for in the Himalayas strata of Upper Ordovician age 
are ab^nt and only Middle Ordovician horizons are known. 
In the Northern Shan States, according to Reed,* only the Lower 
Ordovician is represented or rather the Lower Ordovician is 
definitely known, but higher horizons (stage C of the Baltic 
region) are probably present. The Nyawngbaw limestone of the 


I Reed, F. R. C. Pal. Ind.. New Her.. Vol. XXI, Mem. No. 3, 19.36. 
* Ibid. Pal. Jnd., New Her., Vol. II, Mem. No. .3, pp. 83-86. 
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Northern Shan States is of oourse of Upper Ordovician age and 
Schnchert concurs in this view on account of the occurrence of 
Carmrocrinus askdicus in it. In the Southern Shan States the 
Ordovician is represented by the Middle division, possibly also 
the Upper. 

Another point to consider is that while there is an extensive 
development of the Orthoceras limestone in the Southern Shan 
States, these limestones are hardly known in the Northern Shan 
States. These limestones are correlated with the Orthoceras 
limestones of Yunnan and the Nechiasan formation of Hupeh 
which are of M. Ordovician age as are also the Orthoceras 
limestones of S. Manchui^ia, Karakorum, Sweden and the 
Vaginatenkalk of the Baltic region. 


EASTERN ASIA. 

Rocks of Middle Ordovician age are known from western 
Yunnan, but this formation appears to be entirely absent from 
eastern Yunnan. The western Yimnan^ faunas however 
differ remarkably from those of the Shan States, for whereas 
graptolite horizons are extensively develoj:)ed in the Yunnan 
Ordovician, these are not represented in the Naungkangyis, 
though a few species are common to the two regionc. The 
horizon represented in Yunnan is the zone of Didymograptus 
murchisoni or Upper Llandelian. A still higher horizon, equi- 
valent of the Nyawngbaw Limestone of the Shan States is 
represented in the Shih-tien beds in which Carmrocrinus asiaticus 
occurs. 

The Ordovician of Indo-China is of great interest, for although 
it is related to that of western Yunnan, it contains the species 
Calymene douvillei Mans, and Rafinesqvina umbrella Salter of 
which the former is closely related to the Himalayan C. nivalis 
Salter while the latter actually occurs in the Himalayan Ordovi- 
cian beds. In Annam the Asaphus sandstones represent the 
Ordovician, and, like the Tonkin beds, are of late Ordovician 
age. They contain such characteristic forms as Orthis 
budleighensis Dav. and Strophomena expansa Sow. of the north 
European seas. 

Important changes took place in eastern Asia during late 
Upper Ordovician times. Tliere are no uppermost Ordovician 
fossils found in the whole of the Chinese region which became a 
land area after the close of the Middle or early Upper Ordovician 
times. Lower and Middle Ordovician faunas are known from 
various parts of China and while the boreal facies prevails in 
the north, European forms are dominant in central and south- 
western China, as in Upper Burma. 


' Hoft<h F. R. C PaL Ind., New Ser.. Vol. V. Mem. No. 3. 
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The absence of the hipest Ordovician strata in eastern and 
southern Asia is evidence of a break of considerable magnitude 
and of the shrinking of the Ordovician seas of these regions. 
During the Middle Ordovician, however, marine waters spread 
over parts of northern as well as southern Cliina, Yunnan, Upper 
Burma (Shan hinterland) and sweeping south of the Tibetan 
plateau extended at least as far as the Central Himalayan re^on, 
where the Shiala Series ^ and their equivalents were deposited. 
West of this, the great Cambrian geosyncline which extended 
along the western Himalayas and the Salt Eange and Iran had 
already shrunk out of existence and western Asia had become 
a land area. 


WAS TIBET AN ISLAND ? 

We have seen that the Central Himalayan Middle Ordovician 
faimas possess an American impress, though 1 believe that this 
aspect of their affinities is often (exaggerated. We have also 
laid emphasis on the fact that the probable route followed by 
these faunas is unknown and is still one of the puzzles of Asiatic 
geology. The palaeontological evidence so far available suggests 
only a single pathway for the eastward migration of the Ordovician 
faunas, namely, via the main Himalayan geosyncline south of 
the Tibetan plateau region, for thc^ro is no record so far of 
Ordovician strata north of this area. Tlio American geologist 
Bailey Willis ^ in discussing the distribution of land and sea in 
central and eastem Asia, however, comes to the conclusion based, 
presumably, upon tectonic evidence that west of the Tibetan 
region the great Himalayan tethys forked into two branches: 
the main or Southern Tethys sweeping the southern shores of th(^ 
Tibetan plateau and a lesser or Northern Tot?> vs flanking this 
region on the north so that the Tibetan legion stood as an island 
in this sea. This is devsignated Isle Tibet by Bailey Willis. 
The Southern Tethys, of course, corresponds to the universally 
accepted Himalayan Tethys founded upon palaeontological and 
stratigraphic eviclence. 

It is as yet too early to suggest whether the isolated character 
of the Spiti Middle Ordovician fauna with its American phase 
can be explained upon the basis of this northern ocjean highway, 
for geologists have accepted only the single, Southern Tethys. 
But the tectonic evidence upon which the Northern Tethys is 
apparently based is of considerable interest. 

In this connection, however, the remarks made by Burrard, 
Hayden and Heron * may be quoted. They say, 'having regard 


^ Heim, A. and Oanaser, A. Denksettr. Schweiz. NtUurforsch. 
OeseUsch., Bd. LXXHT, Abh. I, p. 203, 1936. 

2 Bailey Willis. Research in China. Systematic Geology, Vol. 11, 
pp. 36-69, 1907. 

* Loc, ciV., p. 33S, 1934. 


142 Proc. 28fk L8.C. : Part II: Pre$ident^ Addresses. (22) 

to our ignorance of the geologor of the greater part of l^t, we 
can ofEer no direct observations bearing on this question; but 
if we turn to north-eastern Ladakh^ we find Palaeozoic rooks 
exposed in the neighbourhood of Changchenmo and Pangong 
Lake, and if, as appears to be the case, the trend of these beds is 
the same as that of the rest of the Tibetan zone in Kashmir, 
Spiti and Kumaon, we should expect to find them well to the 
north of the head-waters of the Indus and Brahmaputra in 
western and central Tibet. We are, therefore, inclined to 
believe that Palaeozoic beds do occur in the great lake-basin of 
central Tibet. They may possibly be hidden by the younger 
(Mesozoic) deposits . . . but it may reasonably be expected 

that they will be found to ctep out here and there, and thus 
prove that the sea in which the Dravidian (Palaeozoic) rocks of 
the Tibetan zone were laid down was not, as has been assumed, 
raeiiely a strait connecting eastern and western Asia, but 
extended northwards over the greater part of Tibet.* 


INVASION OF THE EUBOFSAN OBDOVIOIAN FAUNA 
INTO SOUTHERN ASIA. 

Very little indeed is known concerning the route followed 
by the European Ordovician faunas during the course of their 
invasion of the south Asiatic region. But it is a remarkable 
fact, one that demonstrates the accuracy and fineness of palaeon- 
tological correlation that some at least of the graptolite zones of 
the British Ordovician (Didymograptus murchiaoni)^ the fine 
development of the Orthocoras Limestone of Sweden and other 
Baltic lands, and such characteristic Caradocian species of 
western Europe as Orthis caUigramma, Orthis vespertilio, 
DdlrmneUa testudineria, Plectambonites sericea, Strophomena 
expansa have also been recorded either in the Ordovician 
strata of the Shan hinterland or Yunnan or southern China, 
We have unfortunately no record of Ordovician strata north 
or west of the central Himalayan region till we meet the 
Ordovician strata of western Europe already referred to. We 
can therefore but speculate on the marine connection between 
the Indo-Burmese region and Europe, but it probably followed 
a north-westerly course from the central Himalayas to the 
present Baltic region. In this connection I i^ust refer to the 
find of graptolites i (genus ^Diplograptvs) made oy Harrison and 
Tait, of the Anglo-Iranian Oil Company, “ at Furgon, 60 miles 
west of Bandar Abbas, close to the front of the zone of Nappes **. 
This find if confirmed possesses considerable significance where 
the migration of Ordovician faunas is concerned. 


1 Bdokh, H. de. Lees, O. M. and Bichardaon, F. D. S. Op. cit., foot, 
note, p. 69, 1929. 
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SILURIAN. 

LOWBB SILUBIAK TBANSGRBSSIOK IR THE INDO-BTTBMESB AHD 
OHIKSSE REGIONS. 

The cbse of the Ordovician or early Silurian marks a period 
of profonnd marine transgression over India, Burma, Indo-China, 
Yunnan as well as central and southern China. Indeed this 
transgression which appears to have reached its zenith in 
Wenlock times, affected the European continent as well as 
north America: and* one common Silurian ocean seems to have 
spread round the northern hemisphere’. ^ But with the extra- 
Asiatic aspects of this problem we are not here concerned. 

No Silurian strata have been found in the Asiatic countries 
west of the Himalayas and therefore the extension of the 
Himalayan Tethys into Afghanistan, Beluchistan and Iran is 
uncertain. The first strata of this age that we meet in that 
direction are in the Mediterranean region. It may be mentioned 
that the same remarks were applicable to the Cambrian (except 
for its occurrence in the Salt Range) till the discovery in Iran 
of extensive deposits of Middle and Upper Cambrian ages. 

THE HIMALAYAN SILURIAN. 

Our knowledge of the Silurian strata of the Himalayan 
region has not increased during recent years even though con- 
siderable exploratory work has been carried out by Wadia, 
Arnold Heim, West, Auden and others. The old collections 
upon a study of which the main conclusions concerning the 
relationship of the Himalayan Silurian faunas were based still 
remain practically unsupplemented by fresh discoveries, which 
leaves, it need hardly be said, a big lacuna in Himalayan 
palaeontology. 

The Silurian rocks of the Himalayas belong entirely to th(‘ 
Lower Silurian division, being represented by the Llandovery 
and possibly also by the Wenlock. The presumetl Upper Silurian 
age of some of the Himalayan beds appears to bo uncertain. 
There is here as indeed everywhere in Asia a profound break in 
the marine depositional history so that the Middle Silurian is 
either entirely absent or is represented only by terrestrial deposits, 
as in parts of America, where this division constitutes the well- 
known Salina formation. 

The Himalayan Lower Silurian fauna presents interesting 
afl&nities which throw much light on the palaeogeographic 
relationships of that period. This fauna is composed of (a) species 
which are confined to the Himalayas, (6) species that are either 
identical with or allied to north European forms and (c) an 
admixture of species allied to American mrms. 


> Reed, F. R. C. Rtc, Oeol. 8urv. Ind,, XL, p. 26, 1910. 
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La Touche has attempted a percentage analysis of this 
fauna and comes to the conclusion that the Himalayan Silurian 
contains an almost equal proportion of American and north 
European forms, fifty-one ai^ forty-nine per cent respec- 
tively, to be more exact.^ It will be remembered that in the 
case of the Himalayan Ordovician this proportion according to 
the same authority was 42 per cent to 25 per cent, which means 
a predominating American element. In this connection it may be 
pertinent to remark that while in the case of the Ordovician 
fauna the analysis was based upon 124 species, only 35 species 
were available for the Silurian. We cannot sujBSciently emphasize 
the fallacy of such comparisons and analyses where the collec- 
tions are inadequate, the fossils far from well preserved and 
where in consequence it is impossible to adjudicate the relative 
degree of their affinities. That this is not a hasty verdict may 
be shown by the fact that Reed, who published the studies on 
these Himalayan fossils, assigns predominantly north European 
affinities to them. The large number of corals in the Himalayan 
Silurian in comparison with the Burmese Silurian, however, show 
distinct American affiboities and among them one form appears 
almost identical with Favosites niagarensis' Hall, from the 
American Silurian. 

Tlie SUurian formation in Kashmir must be assigned to the 
Lower division,* namely, Llandovery, on account of the presence 
of such forms as Triplecia inaiilaris Eichw., Orthis sotverbyam^ 
lAndstroemia cf. bina (Lonsd.). Species of Acidaspis and lUaenvs 
likewise x>osse88 Llandovery affinities. It is, however, probable 
that the presence of Conchidium knighti at a different locality 
indicates the Aymestry Limestone, a horizon high up in th(» 
Salopian. 

However, the main upshot of this discussion with which we 
are primarily concerned here is that the occurrence of both 
American and north European forms postulates marine connec- 
tion of the Himalayan geosyncline with both these regions 
during Lower Silurian times. The probable route followed by 
these faunas will be considered presently. 


AFFINITIBS OF THB SHAN SILUBIAN. 

PBBDOBONANT SHBLLT FACIES OF THB NOBTHEBN SHAN 
STATBS. 

We have already drawn attention to the dominantly North 
European character of the Shan Ordovician &una. It is perhaps, 

^ La Touche, T. H. D. Mem. Qeol. Surv. Ind., Vol. XXXIX, p. 161, 
1913. 

• Reed, F. R. C. Ree. Oeol. Surv. Ind., VoL XLII, Pt. 1, pp. 16-38, 
1912. 
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therefore, not surprising that the Shan Silurian faunas are also 
strikingly North European in oharaoter which is expressed by 
such species as HalysUea catentUaria Linn., var. kanaurensis 
Reed. Orthis (DcUmandla) basdlis Dalm., rar. mtUhensiSy O. 
calligramma Dalm., Leptaena rJ^mboidalia Wilck., Stropheodanta 
compressa (Sow.), PerUamerus obhngus Sow., Orth^ras of. 
anntikUum Dav., Encrinurus cf. punetcUm Brunniok. Tie only 
South European type is Mimulua, Most of these are Wenlock 
species and in the Northern Shan States this shelly &cies pre- 
dominates. This conclusion is borne out not only by the earlier 
work of La Touche but also by the studies based upon recent 
collections made by Coggin Brown, Sondhi and myself. Concern- 
ing the Zebingyi beds which are usually placed in the Silurian 
more will be said later. 

PBBDOMINANT GRAPTOLITB PAOIBS OF THE SOUTHERN SHAN 

STATES. 

To Sondhi goes the credit of discovering the first graptolites 
in the Southern Shan States. In this region the graptolite 
facies is very much more widespread than the shelly facies, 
the reverse in fact of the position in the Northern Shan States. 
The palaeontological accounts published by Cowper Reed first 
in 1932 1 and again in more exhaustive detail in 1936 * show clearly 
that the Valentian stage is well developed while the Wenlock 
stage is subordinate. In both horizons, however, the North 
Eui’ox)ean afl&nities are predominant. In the Namshin stage for 
example out of 45 species as many as 27 are identical with 
European Wenlock forms. Slight discrepancies have, however, 
been noticed, but we cannot take account of them in the brief 
space of this address. It is also worthy of n mark that the 
Trilobite beds cf Panghsa-pye (Northern Shan States) have not 
been found in the Southern Shan States. 

RELATIONSHIP BETWEEN THE SHAN AND HIMALAYAN SILURIAN. 

The important point to consider now is the relationship 
between the Himalayan and Burmese Silurian fiiunas. We have 
seen that the Ordovician faunas of these regions present a 
marked contrast, though how far this contrast is emphasized 
by imperfections of the geological record or indifferent state of 
preservation it is not easy to say. However that may be, the 
Silurian faunas present an even greater contrast than the 
Ordovician for the graptolite facies which is so well developed in 
parts of Burma as well as Eastern Asia is entirely absent in the 
Himalayas and no graptolites have so far been found in any 
part of the Himalaya mountains. 

1 Reed, F. R. C. Pec, Choi. Surv. Jnd„ Vcl. LXVI, Part 2, 1932. 

a Ibid. Pal. Ind., New Ser., Vol. XXI, Mem. No. 3, 1936. 
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As a result of this apparent faunal divergence Toudie 
emphasisEes the presence an ^unsurmountable* barrier between 
the Himalayan and Bunneae regions from the Ordovician till the 
close of Silurian times. When we consider the very limited 
thickness and the usually soft shaly character of the graptolite 
beds, it becomes difficult to assert how ffir this lacuna is the result 
of difference in &cies or actual absence of record or of their 
not having been found so far in the Himalayas. Moreover, if we 
do not take into account the exclusively Himalayan specif such 
as Prapora himalaicay Caliostylus dravidiana^ Favosites spHiensis^ 
Orthis spUiensis^ etc., practically 25 per cent of the reniafniiig 
species are either identical with or allied to North European forms 
found in Burma, and at least one species, Encrinurus punrtalus^ 
is closely allied to an exclusively Burmese species. Although 
it is true that almost all of these are cosmopolitan forms, yet 
their number is comparatively so large when the entire known 
fauna is considered (35 species in all) that we seem to be on fairly 
safe ground in postulating a freer marine connection than La 
Touche’s remarlm and analyses would have us believe, between 
the Himalayan and Burmese regions. Tliis was so at least during 
Wenlock times, that is to say following the period (Lower 
Valentian) when the graptolite beds of the Southern Shan States 
were being deposited. 

SILUBIAK OF EaSTEBK ASIA. 

The continuation of the Lower Silurian sea into Western 
Yuxman and Central China is proved by the presence of fossils 
of North European type and other forms which are profusely 
represented in the Shan Silurian. *This fauna entered the 
C^ese basin through the Himalayan geosyncline, passing 
north along the West Yunnan-Szechuan geosyncline and 
spread in the Tsingling geos 3 mcline as far east as the Nanning 
hills region of to-day. It waa represented partly by a trilobite 
and brachiopod facies, partly by a pelecypod facies and in 
certain sections where deltas of mud wore forming near the shore, 
it is represented in the graptolite facies ’ 

T^ last fact assumes importance when we remember that 
the graptolite facies is considerably developed in the Southern 
Shan States, which implies that the Shan Lower Silurian sea 
did not extend much father south of the Southern Shan States. 
This is of course apparent from other geological considerations. 

BBTRBAT OF TRB LOWER SILURIAN SEA FROM ASIA: 

UFPEB SILURIAN TRANSGRESSION. 

The end of the Lower Silurian marks a period of profound 
negative movement of the sea in Asia as well as outside the 

I Grabau» A. W. Stratigraphy of Ghioa, Part I, p. 35, 1023-24. 
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Asiatic continent. The seas withdrew along the entire length 
of the Himalayan region, from Burma, Indo-China as well as 
from the whole of the Chinese basin. No Middle Silurian marine 
deposits are known from any of these lands. Northern China, it 
may be remarked, was already a land area even in Lower Silurian 
times. and remained such till the advent of the Middle Devonian. 

The Indo-Burmese region as almost the whole of Western 
Asia appears to have remained a land area during the Upper 
Silurian as well. The recent surveys by Coggin Brown and 
Sondhi in the ' Southern Shan States and by myself in the 
Northern and Southern Shan States have not revealed any 
strata of undoubted Upper Silurian age in Burma. 

WhUe the whole of Asia appears to have remained a land 
area from the close of the Lower Silurian to the end of the Upper 
Silurian, a minor transgression with an American type of faima 
invaded parts of Yunnan, Tonkin and the neighbouring region 
to the east of it in Upper Silurian times. This invasion %vas in all 
probability from some southern source, for no Upper Silurian 
rooks are found to the east of these regions which would connect 
the American Upper Silurian Sea with the South diinese basin 
across Eastern Asia. It is only to be expected that this faima 
coming after a hiatus of great magnitude represented by the lapse 
of the Middle Silurian, was totally different to the Lower Silurian 
fauna of these regions. This striking discord is most significant, 
for while the Lower Silurian fauna is North European, this Upper 
Silurian fauna bears an American stamp. There appears, there- 
fore, to have been no manner of connection between the North 
European and South Asiatic seas in Upper Silurian times. With 
the Ix)wer Silurian seas, however, the case as we have already 
seen was entirely different, for they wore in close intercommunica- 
tion. But what was the route followed hy these invading 
North European Lower Silurian faunas into Asia ? The southern 
end of this route appears to be quite clear, for wo have fcllowod 
the distribution of the European faunas through the Himalayan 
region across, Burma, Indo-China into the main Chinese basin. 
It is when we attempt to trace this pathway across Central 
Asia that difficulties arise. The earlier work suggests that the 
route lay across Russian Turkestan and Timan where Silurian 
faunas have been discovered. 1 am luiablo at this stage to say 
whether more recent work of the Russian geologists (usually 
in Russian) has been able to define more precisely this 
connecting link between Asia and Europe. 

DEVONIAN. 

nOWBB DEVONIAN (ZEBrNGYI BEDS). A MBDITEBBANBAN FAUNA 

IN SOUTHSBN ASIA. 

* 

The commencement of the Devonian witnesses one of the 
most interesting episodes in the geology of Southern Asia, 
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namely, the sudden influx of a &una which bears no relation 
to the fismnas of immediately surrounding regions, but is a 
prototype of the far Mediterranean Lower Devonian fauna. It 
is the fauna which is represented in the Bohemian region by the 
well-known Hercj^n moies. 

This influx is the more remarkable, for whether in the 
Himalayas or the Shan hinterland the earlier strata betray hardly 
any suspicion of Bohemian or South European elements. Some 
of the exceptions, to which attention has already been drawn, 
are the presence of the genus Aristocystis dagon) in the 
Ordovician and of MimvluB (Jf. aunglokensia) and a species of 
Phacops in the Silurian strata pf the Northern Shan States. The 

S reoiation of these South Euri>pean types in the earlier 
dovioian and Silurian times probably indicates only an 
indirect ooimection with that region, for we have seen that direct 
ooimection during this period was with the North European seas. 

At all events this episode is but an isolated phenomenon, for 
apart from the Shan region this fauna appears to have made 
but little headway. Its isolation becomes the more striking 
when we realize that we have but few intervemng connecting 
links between Southern Europe and Asia so that the probable 
pathway of migration of this fauna still remains a matter of 
speculation. 


AGE OE THE ZBBINGYI TFAXTSA, 

The most interesting and puzzling feet about this fauna 
is, however, not its isolation and Heroynian afiinities, but its 
composition, which makes the question of its exact age indeed 
a perplexing problem. These beds contain closely associated 
with each other forms which we are accustomed to regard as 
exclusively Devonian (Tentaevlitea elegana Barrande and the 
genm Styliolim) or exclusively Silurian (Monograptida). What 
then is the age of these beds, Silurian or Devonian ? The 
author as a result of field examination in 1929 came to the 
conclusion that in their stratigraphical relations the Zebingyi beds 
are more closely associated with the overlying Plateau Limestone 
than with the underlying Ordovician beds, and in this respect 
agreed with the observation made earlier by La Touche. La 
Touche^, like Grabau^, inclines to a definitely Silurian age on 
account of tte graptolites; Schuchert^ is definite about their 
Lower Devonian age in spite of the graptolites. While Reed ^ 
althou^ he includes them under the Silurian section appears to 


1 La Touche, T. H. D. Mem, Oeol, Surv. Ind„ Vol. XXXIX. p. 178, 
1913. 

* Grabau, A. W. Stratigraphy of CJhina, Pt. I, p. 121, 1923-24. 

* Sohuohert, C. Amer, Jeum, Seienee, Ser. 4, Vol. XXV, p. 262, 
1908. 

* Reed, F. R. C. Beo, CM, Surv, Ind„ Vol. XL, Pt. 1, pp. 26-27, 
1910. 
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incline to the Devonian view and points out that Devonian 
graptolites have been described by Buedmann.^ In my opinion 
the fauna as a whole indicates the Lower Devonian. Through 
the maze of this conflicting evidence it seems impossible to sift 
and assign a precise age to these beds, but if we weigh the 
evidence upon its merits and forget our preconceived bias that 
graptolites were annihilated at the close of the Silurian, 1 think 
the Zebingyi beds should be assigned to the Lower Devonian. 
The conformable passage of the Zebingyi beds into the overlying 
Plateau Limestone likewise supports this conclusion, though 
there cannot be any finality about such evidence. 


PROBABLE PATHWAY OF MIGRATION. 

Other areas in Asia whore the ISouth European type of 
faunas have been found are in the neighbourhood of Baroghill 
p6ws 2 in Ghitral, in Turkestan in the Urals * and in the region 
to the north of Tibet.^ Now although Grabau remarks upon 
the ‘very close connection which exists between these central 
Asiatic faunas and those of the corresponding age in the Urals*, 
yet there appears to be very little in common between them and 
the Lower Devonian Zebingyi fauna of the Shan States. 

What then was the sea-route of this (Zebingyi) fauna during 
its long journey to Asia ? Indeed was this fauna one of European 
origin at all, which had migrated to Asia or was it, as th(» 
presence of Graptolites might indicate a fauna established in 
some nearby Asiatic region, which had in course migrated 
westwards into the south European basin ? 

There appears to have been but little connection with the 
Urals, for with the exception of the lamellibram h genus VlasUiy 
there is not much in common between these Hercynian faunas of 
the Urals and the Shan States. There is further no evidence 
whatever in the Himalaya mountains of a Hercynian fauna, even if 
we are to accept the Muth Quartzites as the probable equivalent 
of the Zebingyi beds. But since there is no trace of the Lower 
Devonian in Iran which would offer a direct connection of the 
Shan with the Mediterranean region, one can only accept a 
connection via the Urals already vaguely implied by the genus 
Vlaata which occurs in Bohemia, the Urals, Zebingyi beds and 
even in America. The genus VlasUi it must be stat^ is usually 


^ Ruedmann. New York State MuBeum, Mem. No. 7, 1904. 
a Reed, F. R. 0. Rec. Qeol. Surv. Ind., Vol. XLI, Ft. 2, pp. 86-87, 
1911. 

* Musc3hketow, D. Neues Jahrb. /fir Min, Oeoi, und PdUontol,, 
Bd. 1, pp. 25-42, 1914 and Weber, BiiU. Com, Ottd, 8t, PeUtiltourgf 
VoL XXIX, pp. 603-695, 1910. 

^ TSoh^yachew, Th. Mem. Com, OedL^ VoL IV, 3, 1893. 

« Hayden, H. H. Mem, QedL 8wv. Ind., VoL XXXVI, p. 34, 1912. 
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Msigned to the Sihuriaa. What is the exact value of this evidence 
I shall leave to your tastie and inclination. 

In this connection, in my opinion, much significance attaches 
to the oocurrence of the Hercjmian fauna north of Tibet, meagre 
though it is. If the Zebingyi fauna is an immigrant from Central 
Asia or further afield from Europe, it is not improbable that it 
oame via the region north of Tibet and found its way into the 
Shan region via the eastern margins of Tibet and the CSiinese 
provinces north of the Shan plateau. But future work alone 
can show how far this surmise is correct. 

BCTODUB DEVONIAN. 

The marine transgression which took place in Middle 
Devonian times has few parallels in the geology of Asia. This 
resulted not only in the intermingling of the Asiatic fauna of 
different regions, but also as emphasized by Reed in the breaking 
down of barriers of Asiatic and European life provinces which 
gave rise to similar faunas in widely separated regions. Attention 
has already been drawn in this connection to the identical 
character of the Eifelian faunas of the Shan States and Northern 
Europe. 

On the present occasion I can hardly hope to review in 
detail the Devonian faunas of Asia, for it is a subject upon which 
a great deal has been written.^ I can, therefore, do Uttle more 
than put forward before you the salient aspects of this problem 

Very little has been added to our knowledge of the 
M. Devonian faunas of Western Asia in recent years. Mention 
may be made of a paper by Cowper Reed® entitled ‘Devonian 
fossils from Chitral, Persia, Afganistan and the Himalaya’. The 
same remark applies to the Himalayan region, for no Middle 
Devonian fossils have been recorded from any part of the Hima- 
laya in recent years. Of the few records mention may be made 
of the Middle Devonian occurrences in Byans, Kanaur and Upper 
Spiti described by Reed in the paper just referred to. In Burma 
too until recently the only known Middle Devonian fauna was 
the classical Padaukpin (Northern Shan States) fauna discovered 
by La Touche over thirty years ago and described by Reed in 
1908. The only addition after the lapse of three decree is the 
find I was fortunate enough to make a few years ago of highly 
fossiliferous Middle Devonian beds near the village of Meso in 
the Southern Shan States. This constitutes the only record of 
Devonian fossils in the Southern area. It is unnecessary to give 
a oomplete list of the fossils found here, but among others the 

> For detailed references various memoirs cited by Lorenz in Zeitschr. 
Dtuteeh. OtoL QtmUaoh., Bd. LVin, p. 120, 1906 and by Oowper Reed in 
Pal. Ind., New Ser., Vol. II, mem. No. 6, 1908, may be consulted. 

« Reed. F. R. C. Rec. Geol. Sur. Ind.. VoL XLI, pt. 2. pp. 106-112, 19. 
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following species are represented ^ Spirifer {Reticularia) curvatus^ 
Sp. (SeHc.) avkepa K&ys.^ Cyrtina heterodyta Defr*, Spirifer 
specioaus Schloth. var., and new species of Plaiycerus, Pleuroto^ 
maria, Meriatetla, etc. Although Calceola aandalina has not been 
recorded, the of these beds appears to be Middle Devonian 
(Eifelian). Middle Devonian faunas corresponding in age to 
those of the Northern and Southern Shan States (Eifelian) 
are found further east in Yunnan * and Indo-China. * 

We have thus an almost continuous record of Eifelian 
strata from Armenia in the west to the Chinese basin in the 
east. They indicate according to Grabau * the 

‘ general direction of tranagresaion of the early Middle Devonian 
Sea, which extended probably from the region of the Bosphorus • 
acro«i9 A<^ia Minor and Persia, into the heart of Southern Aaia along 
the Southern border of ancient Caucasia. That the ancient passage* 
way along the Himalavan geoaynoline was again open at this time, is 
shown by the extensive development of the Eifelian fauna at its 
eastern end, in the Northern Shan States of Burma as well as the 
presence of this fauna in South-Western China (Yimnan) and 
Indo-China 

The recently discovered Southern Shan States fauna constitutes 
a further link in this chain. 

The record of the upper part of the Middle Devonian 
(Givetian stage) is less clear in Western Asia as well as in the 
Himalayan region. Certain it is, however, that a transgression in 
Givetian times flooded the present region of the Kwen-lun and 
Tian Shan mountains. Bocks of this age also occur extensively 
in China though the zone fossil Stringocephalvs burtini has so 
far been found only in Yunnan. Up to the end of the late 
Middle Devonian (Givetian) times, however, there is no fossil 
record indicating that the western part of the Devonian sea was 
connected with the Chinese basin via the region north and east 
of the Tibetan region. In other words, the only connection seems 
to have been via the Himalayan geosyncline, where Eifelian 
strata are known.® This is significant in view of what follows. 

UPPER DEVONIAN. 

Exigencies of time do not permit me to consider the Upper 
i:)evonian here in detail, but one fact of great importance may 

1 Sahni, M. R. Proc. Twenty-fifth Indian Science Congreaa, Pt. Ill, 
Abstracts, p. 114, 1938. 

* Manmiy, H. Btude geologique du Yunnan oriental, 11« partie, 
Pal4ontologie. Mem, Serv. Oeol. Indochine, 1912 ; /did., VoL IH, fasc. II, 
pt. 1, 1014; Grabau, A. W. Pal.Sinica. Sor. B, Vol. I, Faso. 2. 

* Mansuy, H. Contrib. Carte Gdol. Indo-Chine, Palaeont. (Service 
dee Mines, Hanoi-Haiphong, pp. 2, 3, 15-20, 1908). 

^ Grabau, A. W. Stratigraphy of China, pp. 155-156, 1923-24. 

^ Abdulla Bey. Remarrfues G4ologiquBB sur le calcaira ddvonien du 
Bosphore. Boll, del B. Comit. Oeol, D* Italia^ VoL I, p. 187, 1870. 

* Hayden, H. H. Mem, Oool, Sttro. Ind., Vol. XXXVI, Pt. I, p. 20, 
1904. 
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ba mentioned. It is that we have no record of Upper Devonian 
rocks in the Himalayan region, which was then presumably 
a land area. But Upper Devonian strata are developed in 
the Chinese basin, in the region north of Tibet and west of the 
Himalayas. It is, therefore, probable that the Upper Devonian 
fauna minted eastwards from Western Asia via the marine 
basin north of Tibet while (as we have seen) the Middle Devonian 
fauna found a passage-way South of the Tibet region, i.e. via 
the Himalayan geosyncline. Against this, however, are the views 
expressed by Bailey Willis who considers that the Tibetan region 
was an island practically throughout the Palaeozoic era . Bearing 
in mind this conflict of views we can merely emphasize that final 
judgment can be left only to future work. 

CONCLUSION. 

I have attempted to present before you a panoramic view 
of the sequence of geological events that have moulded the 
pala^geographical history of the Asiatic continent and more 
particularly of the Indo-Burmese region, from the Vindhyan to 
Devonian times. This we may now summarize. If the mighty 
Himalayan ranges constitute an effective barrier at the present 
day separating the mountain tracts of the north from 
the plains of India, the hand of destiny has assigned this 
role to that re^on, in one way or other, almost since the 
dawn of geological time; for even in the Vindhyan period 
we recognized the germs of a great geosyncline, which 
was to dominato the geography of Southern and Eastern 
Asia practically throughout the Palaeozoic era. During the 
Cambrian this geosyncline girdled the Northern Hemisphere 
fiom Western North America to the shore of the Dead Sea. 
Since then this ancient Mediterranean Sea has waxed and waned 
with yan^g fortunes at different periods. The Ordovician 
and Silurian saw its retreat from the whole of Western Asia. 
But that a marine connection was maintained during these 
periods with the Europ^n seas is proved by the presence of 
many European species in the Himala3/a8, in Upper Burma and 
in the Chinese l»a^. A new passage-way across Central Asia 
had, in fret, opened up and remained so till the close of the 
Silurian. During the profoimd Middle Devonian transgression 
the site of the ancient Cambrian geosyncline (in Western Asia) 
was mjuvenated, so to speak, and once again formed the route 
of migration of European faunas. 

The Himalayan region remained a marine area piactically 
throu^out the period under consideration, except perhaps 
during the Middle Silurian when a world-wide negative move- 
ment of the seas set in, and in a lesser measure during the Upper 
Devonian, when according to the available evidence the sea 
temporarily retreated from the Himalayan geosyncline. 



( 33 ) 


Section /F, Geology. 


153 


The problems of divergence between the Hinmlayan and 
Burmese Ordovician faunas, of the relationship between the 
Iranian, Indo-Chinese and Himalayan Cambrian faunas, of tht» 
invasion of Bohemian or Mediterranean faunas into Asia, have 
been raised and discussed in the light of their palaoogeographical 
bearing, but I can hardly claim that suitable solutions have heen 
attaint. Considering the importance of the problem one can 
only regret that our knowledge of the Himalayan palaeozoic 
faunas, already meagre, has not been supplemented in any 
substantial measure by ^sh discoveries, and the void remains. 

Our knowledge of the continental boimdaries during the 
periods under review is far from conclusive though restorations 
have been suggested by various authors. But we know enough 
to be able to say that the seas and continents have undergone 
profound changes through the vicissitudes of Geological time 
and the map of the world has altered almost like the varying 
stages of a child’s jigsaw puzzle. In short, one might say that 
our mother earth is like a ball of plastic clay in the hands of a 
Modeller and the same Modeller that makes and unmakes the 
destinies of men and races also shapes and unshapes the oceans, 
the great continents and the islands that stand like sentinels on 
the ocean highways. The impact of Geological forces has 
changed the face of many continents and if a mere man of 
science may dare to preach a moral to the warring nations of 
the world, in this age of stress and strife, it could be said that 
the continents which they seek to conquer and possess are, in the 
infinitude of time, like the patterns of a cloud — an illusion and a 
chimera. 
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CONSERVATION OP INDIA’S NATURAL RESOURCES. 
LlADIBS and Gbntlbmek, 

I thank you most heartily for the honour you have done me 
by electing me to preside over the deliberations of the Geography 
and Geodesy Section of the Indian Science Congress of this 
session. I am conscious of the great responsibility placed on 
my shoulders but, counting upon your kind co-operation and 
forbearance, I shall try my best to fulfil the task in as best a 
manner as could be possible. 

Intboduotion. 

Few problems in India are of more vital importance than 
the conservation of the natural resources of the country on a 
planned basis. To-day, public oonsciousness neerls more than 
at any other time of Indian history to be rightly educated as to 
the existence and utilization of abundant natural resources of 
the country. I have, therefore, selected the conservation of 
India’s natural resources as the subject of my address as it 
is a subject of general interest as well as of vital importance 
to our nation. 

Whereas the growth, greatness and survival of a nation 
depend largely on the natural resources of the country, their 
conservation seeks to insure to society the maximum benefit 
firom their use. Thus conservation of natural resources such 
as soil, forests, water and minerals, without which the very 
existence of a nation may be at stake, should, therefore, 
unquestionably be one of the most important matters for the 
consideration of those who are entrusted with the responsibl- 
Uty of formulating prc^ammes of national reconstructiop. 

Conservation of natural resources is a timely field of action 
in India. The growth of population in this subcontinent has 
been accompanied by an unprecedented destni<‘tion of the 

( 156 ) 



1 W Pwe. 28(h I.8.C. : Part II : PresidenHal Addresses. (2) 


nftliiiral landecaiie. Moreover, as the country awakens politically 
and the limits of its resources and the character of its need begin 
to appear more fully, the necessity for greater care in the utiliza- 
tion and renewal of resources be^mes imperative indeed. The 
movement is a timely one being in line with a wcarldwide concern 
regarding the material bases of national well-beiug. 

There is no doubt that conservation is a field of vast national 
importance and of such magnitude and range as to demand 
the co-operation of nearly everyone. Contributions to its 
theory and practice may be made by the layman and the 
scientist, by the philosopher and the practical man of affairs, 
by the social scientist and the natural scientist. In one way 
or another, each of the natural and social sciences can give, 
and, indeed, is giving, some assistance, directly or indirectly. 
The scientific geography though still in its infancy in India is 
contributing to the field of conservation both theoretically and 
practically. Studies in systematic and regional geography are 
greatly helping to build up our knowledge of our natural resources 
and the problems arising from their exploitation. Geographers 
are also taking an active part in the practical application of 
their viewpoint and techniques to problems facing the nation. 
Moreover, they are imparting useful knowledge of the principles 
and practices of conservation in the colleges, and in a small 
measure at elementary and secondary schools. The rising 
generation is, therefore, learning largely through geography 
teachers and text-books about the aims and practices of con- 
servation. However, it is not meant, in any sense, to imply 
that teaching in this field is exclusively the function of 
geography. 

As the subject selectetl by me is a very wide one it would 
not be possible for me to discuss it fully in the short time at 
my disposal. I have, therefore, limited my address to three 
aspects of the problem, that is to say, conservation of soils, 
forests and water resources. 


Soil. 

The soil of a nation is its most material heritage. It 
nurtures the ever-flowing stream of vegetation firom which 
men and their animals derive their sustenance. The prepond- 
erance of the world’s organic raw materialB as weU as its 
food supplies arise firom soils throuj^ the practice of agricul- 
ture. great civilizations of the centuries have rested 

fiindamentally upon uncountable millions of fields planted and 
tended by man. 

The civilization of this country has been and is based upon 
its soil resources and great agriculturcd industries. Our country 
taken as a whole possesses such a combination of soils and 
cUmates that it suits admirably to agriculture and no less than 
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nine^tenths of the population of India to-day is engaged, directly 
or indirectly, in agricultural pursuits, ^ils are subject to 
certain changes when cultivated or pastured. Change in itself 
is not a critical matter since eternal change is a fundamental law, 
for, were this not true, it is doubtful if man could have survived. 
The critical aspects arise when changes in soils that are subject 
to human manipulation are left to take a degenerative course, 
or are improperly directed, and when known means of main- 
taining the soils near their virgin level or raising them to higher 
levels of productivity are not employe<l. 

These critical aspects obtain rather generally in India. At 
the end of several centuries of agriculture and pastoraUsm, the 
soils in India are in a lower state of fertility than our 8( ientific 
and practical knowledge should tolerate. Especially serious is 
the fact that some soil areas have so seriously deteriorated that 
their early reclamation will bo extremely difficult and costly, 
if not nearly impossible This is particularly true of the gross 
physical destruction of the soil body occasioned by erosion. 
More subtle but almost equally serious is the state of chemical, 
physical and biologic degradation into which we have allowed 
our soils to drift. The causes are many. We have n'^t fully 
appreciated either the limitations or capabilities of our soils. 
They were and are looked upon much as a mine, as simply 
possessing a store of plant food: when these had been extracted 
there was little we could do except abandon the land until it 
somehow recuperated. Moreover, since the keynote of Indian 
agriculture has been primarily self-maintenance, systems of 
cropping were so shaped as to yield the maximum results 
regardless of the tolls on the soU. Whatever the causes the 
general results are equally deplorable. 

Soil Erosion and its Causes. 

Within the last few years we have learnt that erosion, far 
from being a harmless or completely beneficial process in all its 
manifestations, is a living, constant menace to our own security 
and the security of posterity. We have learnt that the 
process does not remain at geologic norms when human factors 
intervene in the natural order of dynamics pertaining to the 
earth’s surface. We know definitely that man’s misguided us<.» 
of the land has accelerated this ancient earth -process until it 
has overwhelmed enormous areas of once fertile land and 
impoverished even greater areas. In the light of this knowledge* 
erosion becomes a matter of conce^rn to everyone; since it 
constitutes a threat to the principal factor in our country’s 
seourity—our indispensable agricultural lands. 

Accelerated erosion is the result of conflict between man and 
nature— -of man’s necessary interference with natural processes oi 
land stabilisation in order to provide himself with the necessities 
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of exifedence. Under a blanket of vegetatioxi, nature i»?otecte 
the soil firom the erosiye fcnroes of wind and rain and her protection 
is almost oomplete. Soil losses under natural conations of 
vegetation cover are negligible — so small, in fact, that normal 
prooesses of soil-building are generally adequate to compensate 
for them. 

Faced with the problems of existence, man strips away 
dm protective cover of vegetation, and thus rudely interferes 
with nature’s balance. Soil is exposed to winds and rain and 
rates of erosion are increased almost enormouslys^ Cultivation 
still further exposes the soil to the cutting force of wind and 
flowing water, again accelerating the rates of wastage In the 
one instance — sunder natural vegetative conditions — therefore, 
erosion is normal or geologic; in the other — sunder cultural 
practice— the process is speeded to abnormally destructive 
rates. Soil erosion has thus become a worldwide problem 
owing to the way in whi h ploughing and grazing have 
destroyed the plant cover which Nature originally provided to 
protect the earth’s cover. 


Types of Erosion. 

There are, broadly speaking, three types of erosion ; sheet 
erosion, gully erosion, and wind erosion. 

The first is the most widespread and dangerous, being 
the principal agency of soil impairment, for it can do great 
damage before it becomes apparent to the farmer. Sheet 
erosion characteristically process so slowly that farmers them> 
selves generally have not understood it and, accordingly, have 
given little attention to its effects until out-croppings of infertile 
sub-soils or bed-rock appear over their sloping fields. The 
process involves removal of thin sheets of soil over the entire 
extent of unprotected areas with every rain heavy enough to cause 
water to flow across the slopes. 

The first effect, which often goes unnoticed, is the removal 
of the finer soil particles in su^ension, leaving the coarser 
particles behind. These finer parts of the soil are valuable 
because they help to bind the soO into crumbs. The capacity 
of the soil to retain moisture and soluble plant food depends 
largely upon this crumb structure. If the finer particles are 
lost by sheet erosion the soil deteriorates. In extreme cases 
the whole of the top soil is removed bodily, leaving behind 
only an infertile sub-soil of clay or gravel. Sheet erosion is 
common throughout India except in areas irrigated by canal 
or well, but is of course more serious on all sloping land. 

Gully erosion is much more obvious and it is easy enough 
to see and understand the deadly malignancy of it. This type 
of land devastation frequently follows after shoot erosion as a 
later stage of dotorioratkin. When there is not enough vegeta- 
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tkm to impede the run-off of storm water, the proportion of 
rain not aosorbed by the soil finds its way downhill in a series 
of small torrents. A vicious circle is set up, because each 
channel is cut wider and deeper by every succeeding down- 
pour, and the torrent tears soil from the sides and bed of the 
gully. Loss of soil is increased by the cutting back of each 
branch gully into the higher ground behind. Deeply gullied 
‘bad laxi^’ are to be seen in many parts of India whenever 
the level of the land surface is at all high above the bed level 
of nearby rivers. 


Soil Erosion. 



(Chart showing how soil erosion affects the general public as weU as 
^e fanner.) 

The Jumna basin provides one of the finest examples of 
gully or ravine formation in the world. In many parts the 
vegetation on the neighbouring lands after centuries of abuse 
is of a very poor description and the rainfall flows away with 
great rapidity thereby increasing the volume and the violence 
of the torrents and leaving their beds dry after a few hours 
of the storm. The accumulated effect of this flood and scouring 
hard Kanker soil has resulted in the banks of the Jumna 
and the CSiambal being violently eroded during the last few 
hundred years with a oo]TeqK)nd^ sinking of t^ water level. 

A rough calculation has shown that the total soil erosion 
of the Jumna-Chambal basin is equivalent to the removal of 
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12 ouseos or i ton of soil per second day and night without 
stopping for the last 1,000 years. 

Both sheet and gully erosion are caused by water action 
but another form of erosion results irom wind action. Open 
treeless plains of dry li^t soil are particularly susceptible when 
the natural grass cover is destroyed by ploughing or heavy 
grazing, for the exposed soil can then be whipped up and carried 
away by strong winds. 

Ground thus disturbed develops a peculiar topography of 
low hummocky sand-hills on top of which deep-root^ bushes 
survive after all other vegetation has given up the unequal 
struggle. Actually India ab a whole does not siGOfer &om wW 
erosion to the extent that has occurred in the so-called ‘dust 
bowl’ of the middle Southern States of the United States of 
America, or in the inland livestock ranches of Australia or along 
the southern fringe of the Sahara. But in certain restricted 
areas in India it is a definite menace, for instance, just north 
of Campbellpur in the Attock district and along the Delhi-Lahore 
road near Uoraha. 


Widesprecul Effects of Erosion, 

The harmful effect of these three forms of soil erosion go 
far beyond the removal of the valuable top-soil on which plants 
depend for their nourishment. One direct effect is of course 
gradual decline in crop yields which more than off-sets any 
gains brought about by seed selection and manuring. The 
direct effect in pastures and grazing lands is to reduce the 
capacity of land for carrying livestock, for good pasture may 
carry a cow per every two acres, but the er^ed pasture land 
may not keep a cow properly on ten acres. 

Erosion also has indirect results, of which the most im- 
portant for us in India is the dumping of large quantities of 
sand in the river-beds :x> that the bed must inevitably be raised 
and thus aggravate the effect of floods. 

Another effect is to increase the severity of the intervening 
drought periods. This is because each small stream in the foot- 
hills dischargee perhaps 80 or even 90% of heavy storms 
within an hour or so, and only a very small part of the rain soaks 
in the bare ground. 

Apart from the rivers therefore the level of the water-table 
underground is apt to shrink because the amount of percolation 
or seepage^ through the soil into the underlying rocks and '** '' 
soil is less. Springs and wells are fed by reserves of wate^ 
stored underground, but these reserves dwindle because eroded 
soil will not allow rain to penetrate underground, so that wells 
dry up, springs are reduc^ to a trickle, and rivers that once 
flowed all the year round now fail in the dry period. 
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Aside from the destruction above mentioned, erosion 
carries with it consequences of vast importance to the perma- 
nence of investments of large sums of money in navigation, 
power, municipal w'ater supply and irrigation developments. 

Deforestation and Soil Erosion, 

It is admitted by all authorities on erosion that one of the 
greatest calamities which have overtaken mankind has been 
the destruction of the forest and the consequent erosion of 
the land surface. This has already destroyed the fertility of 
many lands and is at the present day exercising a great influence 
on the destiny of the people. Deforestation and soil erosion 
not only intensify floods and reduce the cold vreather discharges 
of surplus streams but they threaten the sub-soil water supply 
and impoverish the soil and reduce the output of agriculture. 
In fact, these two demons threaten the ver}' basis of civilization 
and of human life. 

Erosion results from the misuse of the surface covering of 
the earth, whether it be by the destruction of the forest which 
covered it, by the misuse of arable or pasture land, by bad 
methods of cultivation, by burning or by over-grazing. 

There is sufficient evidence to show that India is faced 
with the very grave danger of her river catchments being 
denuded to such an extent as to increase floods during the 
periods of heavy rainfall, decrease river supplies for irrigation 
and navigation during the dry season, increase siltation of the 
rivers, and throw large areas out of cultivation. 

America is now fully alive to the disaster which threatens 
her and has even formed a special department of engineers 
to deal with erosion while her foresters are actively fighting 
deforestation. 

There are many indications that in parts of India conditions 
are, at least, as bad and, sometimes, worse than they are in 
America. For instance, the Ganges carries to the sea eight 
times the quantity of silt carried by the Mississippi and that 
from a catchment area less than one-third the size. 

It is not without significance that the highest recorded flood 
in the Ganges occurred in 1924 and the lowest record of winter 
discharge occurred in 1929. Records of the Ganges for over 
100 years are available and this period is long enough to exclude 
all seasonal cycles. 


American Research, 

American research has found that during the years 1935-37, 
the rate of run-off from completely denuded lands, such as 
is only too coxnmon on the banks of some of our rivers, such 
as the Jumna and the Chambal, is twenty times greater than it 
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ii bom preserved forests. During one month of the flood 
season in Southern . California a watershed, which had been 
burnt out 4 years previously, was denuded of 120,000 cubic 
yards of top soil or a depth of 1*4 inches per square mile. On 
a similar watershed burnt out 19 years previoudy, the denuda- 
tion rate was one-tenth of this while in a watershed folly protected 
for the last fifty years the same rainfall only gave a denudation 
rate of one-thirtieth of this. 

The fertility of the soil lies in its top crust and the removal 
of 1*6 mches of the surface soil which Nature takes a long time 
to crei^, amounts almost to a disaster. The uxqproductiveness 
of newly exposed sub-soil is well known and one might almost 
say that once the surface has been destroyed, fertility has gone 
for ever as far as the present generation is concerned. It 
seems quite reasonable to suppose that one of the most impor- 
tant factors contributing to the low crop yield in India is erosion 
by wind due to the absence of wind breaks. 

Examples of Damage, 

It is generally known that there are extensive waste and 
ravine lands in Agra, Muttra, Etawah and the adjoining districts. 
The ravines of the Jumna and the Chambal river form a practi- 
cally compact mass the extreme length of which is 70 miles and 
the width about 13 miles in the centre. It is estimated that 
in the Etawah district alone there are about 120,000 acres of 
ravine land and there are large ravine areas in Agra, Muttra, 
Jalaun and other districts. 

The Description of Ravines, 

The banks of the Jumna and its tributaries are now so 
completely drained that the greater part of the area has become 
almost destitute of vegetation. Cultivation beyond this desert 
belt is precarious even in years of normal rainfall and the presence 
of these ravines renders irrigation impossible. Throughout the 
whole extension of this ravine land no water is to be found 
except m deep wells and in the main rivers. The dry belt is 
increasing in extent, as the ravines eat into the flat lands at 
the heads every year. With the hardening effect of the tread 
of cattle and rapid drainage the monsoon rains penetrate to a 
depth of only a few inches and this quickly dries up leaving a 
soil almost destitute of moisture down to the water table 100 
feet or more below. It has been found that occasional scattered 
trees now found are of great age which have continued to 
reproduce themselves by coppice shoots and their root-systems 
have kept pace with the sinking of the water level, drawing up 
their necessarv moisture from great depths. Naturid reproduc- 
tion mvariab^ dies down as soon as the rafos cease. The 
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natural vegetation of the ravine land has been destroyed by 
uncontroll^ cultivation wherever the soil is fit for this, and by 
uncontrolled grazing, reckless destruction and by fixes else* 
where. Large areas are now almost treeless but the original 
natural vegetation was undoubtedly forest and is still forest 
except in Kanker and Usar soils. The vegetation consists of 
small trees, thorny bushes and grass. 

The Panjab Siwaliks. 

Some of the worst erosion is evident in the Panjab Siwaliks, 
a range of hills skirting the Himalayas where the hill grazier 
has accompanied or followed the wood-cutter and effectively 
denuded the soil of its protective plant cover. In many places 
damage is not confined to the eroded slopes, further destruction 
being caused by torrents (chos) formed by guUy erosion that 
sweep down the slopes during the monsoon. The cho is charac- 
terized by the steepness of its gradient and the violence and 
irregularity of its discharge. The torrent carries much suspended 
material which is deposited on the less steep lower slopes in a 
characteristic detrital cone which continually increases in radius 
and width. The chos debouching on to the cultivated sandy plains 
silt up the original drainage channels formed when hill erosion 
started, and the floods are forced out over wide areas. The 
floods subside as suddenly as they start, and all the water is 
lost to the land. 

There is evidence that a hundred years ago the chos ran 
between well defined banks, and in some places perennial 
streams that could be used for irrigation issued from the hills. 
To-day, floods are the only source of water. Much of the 
subsequent erosion has been due to intensified exploitation that 
occurred when British rule secured some measure of prosperity 
and security. Reclamation might possibly bo effected by 
closure of the land so that first grass, and then forest, c ould be 
re-established, but all the land is required to support the people, 
who have the right to use it, and the authorities have a natural 
aversion to interfering with jealously held rights A drastic 
reduction in the surplus grazing animals is indi^nsablo before 
any conservation programme can become effective. 

Necessity for Control. 

Accelerated soil erosion and its control presents the country 
with a ph 3 rsical land crisis of enormous importance to the 
continuing welfare of agriculture in particular and the entire 
social structure in genwal. Moreover, beyond the most-^acute 
crisis of the whole Wd problem, there 'exists the physical fact 
that there can be no permanent cure of floods or prevention 
of stream and reservoir sfiting until run-off is better controlled. 



164 Proc. 28a I.S.C. : PoH II: Presidential Addressee, (10) 


all the way from the crust of ridges down across the watersheds 
where floods originate and silt loads are picked up, on to the 
▼ery channelways 'of streams, which have limitations upon 
their carrying capacity* 

Control of erosion is the first and the most essential step 
in the direction of correct land utilization. It must be perform- 
ed if the country is to avoid early arrival at an inconceivably 
bad land situation. The United States of America and the 
Union of South Africa have reached the same conclusion and 
are now engaged in a fight against erosion in their country. 
The Italian (^vermnent is carrying out an enormous land 
reclamation and conservation programme. Japan for many 
years has been spending many times the value of numerous 
critically eroding areas in order to protect indispensable valley 
lands from the erosional debris issuing from such sore spots. 
There is no reason to assume that India can better afford to 
neglect this gigantic problem of waning soil productivity than 
any other country. 


Fobbsts. 

One of the most valuable assets of India is her forests both 
from the point of view of material wealth they represent and 
their incalculable value to livestock and agriculture, providing 
food and giving natural protection against floods and dust 
storms, l^eir beneficial i^uence on climate, on the conserva- 
tion of the water supply, on the flow of streams and rivers 
and the prevention of the erosion of soil needs no emphasis. 

To realize how important it is to retain the natural pro- 
tection afforded by forests, one has only to look round at other 
countries and to see how large areas of land unsuited for per- 
manent cultivation which were alienated from forests and made 
into farms have now been abandoned to waste and desolation 
and in others how forest denudation has led to flooding and 
dust-storms which have brought widespread destruction and 
mise^ in their trail. 

With the steady growth year by year of knowledge of the 
imjK>rtance of the "part played by forests in the prosperity of 
countries, particularly an agricultural land like India, the 
problem has become of nation^ interest. 

The character of the forests in India is largely governed 
by rainfall and elevation. Where the rainfall is heavy ever- 
green forests are found. Under a less copious rainfall deciduous 
forests api^ear, containing teak, sal, and a great variety of other 
valuable trees. Under a still sxnaller imnfall the vegetation 
becomes sparse, containing acacias, tamarind, etc. In the 
Himalayas, sub-tropical to arctic conditions are found, and the 
forests contain according to elevation, pines, firs, deodw, oaks, 
chestnuts, etc. It has been the experience of all countries 
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that the natural processes of growth and reproduction by which 
forests are kept alive are incapable of keeping pace with man’s 
destructiveness, hence it is necessary to take special measures in 
the ultimate interests of the country to preserve its forests from 
reckless destruction. 


Forest Influences. 

If you read history, you are bound to believe in the pros- 
perity of the ancient kingdoms, and if you compare their ancient 
grandeur with their present decay, and their ancient wealth 
with the amount produced to-day, you can only be driven to 
one conclusion, and that is that the present decay of these 
countries is very largely duo to the deterioration of the moisture 
that lies in the earth. Now, just imagine for a moment, what 
has happened to Persia. Take the example of the palace of the 
King of Kings, Darius, who at one time reigned practically 
over the whole eastein world. Can you imagine a man occupying 
his position, building his palace in the desert? But to-day, 
if you see the ruins of the palace of Darius in Susa, they stand 
in an uninhabited wilderness. Mesopotamia, which for genera- 
tions produced all the revenues of Persia by which that country 
was able to wage wars against the Romans, has degenerated 
into a dreary waste and the hanging gardens of Babylon are 
a rubbish heap. No doubt the degradation of Babylon was 
partly due to the destruction of the irrigation works by the 
invasion of the Mongols, but already at that time, the irrigation 
system of Mesopotamia was in a state of decay on account 
of the destruction of the forests on the hills, and the bad regime 
of the Tigris and Euphrates which supplied the water for the 
finest irrigation system in the world, a vast system with which 
the Panjab at the present day cannot compare. The same 
history has been repeated all over the world. In Greece, 
Anatolia and Spain, the destruction of the forests has seriously 
interfered with their climate, with their cultivation, and wdth 
the moisture content of their soil. So much has this been the 
case in ancient history that it has been stated that deforestation, 
by the lowering of the moisture content of the soil, thus decreasing 
the water supplies of the country, has done more damage than 
any war, and has resulted in the destruction of the greatest 
empires. 

Utility of Forests. 

The hktory of modem civilization is founded upon wood. 
Despite the increased use of iron and steel and their replace- 
ment of wood for many purposes it is a proved fact that the 
consumption of wood per head of population has been steadily 
increasing, unless limi^ by supplies, in all countries in propor- 
tion as the material prosperity of the people hae increased* 
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In Europe and America the consumption of wood per capita 
is over 20 cubic feet; in India it is under 2 cubic feet. Prosperity 
involves increased Wood consumption and to supply the ever- 
growing requirements of the people is one of the most important 
of the functions of the forests, ^e great mass of the population 
of India are not townsmen but agriculturists who live in the 
country, and those of them who are fortunate enough to live 
in the vicinities of forests know that the forests mean to them 
much more than the mere production of timber and that the 
success of their cultivation of field crops is intimately bound 
up with the existence of the forests. A supplj' of firewood is 
one of the most essential needs of the people, and where there 
are no forests from which firewood can be ol^ained the people 
have been driven to burn cowdung which should have been 
used to fertilize their fields. There are innumerable cases where 
the destruction of forests have led to the burning of cowdung 
with serious adverse results on the cultivation of crops. But 
apart from yielding firewood and poles for building houses the 
forests yield many other kinds of produce which the agricul- 
turist wants. They yield him timber for making his ploughs 
and other agricultural implements, bamboos for fencing and 
other purposes, thatching grass, grazing for his cattle, edible 
fruits and flowers which help him to Uve more especially in 
times of famine, fibres for making ropes, medicines for the sick, 
and many other articles. 

There are numerous indirect benefits conferred by forests 
whose importance is not readily understood. 

Firstly, forests increase the relative humidity of the air, 
reduce evaporation, and maintain a more continuous degree of 
moisture in the soil. They also tend to increase precipitation 
of moisture. These effects are important from the agricultural 
point of view in a hot dry climate such as is prevalent over 
the most part of India. 

Secondly, forests assist in regulating the water supply by 
reducing the violence of floods and by rendering the flow of 
water in rivers more continuous. They further assist in pre- 
venting erosion. On denuded soils the rainfall rushes off the 
surface in torrents which gather in volume and sweep away the 
fertile top soil of the land. On forest-covered areas the rain- 
water is held up by the crowns and roots of the trees and the 
more spongy forest soil, with the result that it percolates more 
slowly into the ground and emerges in the form of springs 
which supply the rivers more continuously with water. In 
areas where deforestation has been rapidly proceeding many of 
the streams which used to run all the year round have now 
dried up and this has had a bad effect on field crop cultivation. 
Innumerable examples of the serious effects of forest destruc- 
tion on the fertihty of the soil and water supply could 
be quoted from all over India. This valuable effect which 



<13) Section F» Oeography ib Oeodeay. 167 

forests have in reducing the effect of erosion and floods is not» 
however, confined to the areas in which the forests are situated. 
The disastrous floods in the plains have been due to the 
destruction of the forests in the river watershed. Such floods 
tend to get greater and greater each year as the destruction of 
forests in the hill areas in which its tributaries have their source 
proceeds and unless this progressive destruction of forests 
is checked the time may one day come when still more disastrous 
effects of flood will be experienced. 

Thirdly, forests reduce the velocity of wind and protect 
adjoining fields against hot dry winds. They afford shelter to 
cattle and generally reduce the temperature of the air and 
render the climate more equable. 

Fourthly, forests increase the artistic beauty of the country 
and exercise a restful effect on the human mind, thus assisting 
in furthering the happiness of the people. 

Forest and Floods, 

It has been often stated that a forest cover in a drainage 
basin materially reduces floods but forested areas are not free 
from the hazard of flood damage. Although the effect of 
forests upon run-off has often been overstated their effective- 
ness shoiild not be depreciated. 

Adequate flood protection is largely dependent upon 
engineering structures but the forest cover should be considered 
as a supplementary protective measure. A closely forested 
area with its absorptive leaf-litter delays run-off somewhat 
and gives greater seasonal uniformity to the discharge of the 
streams. This slight retardation of run-off may serve to reduce 
floods provided the subsequent rains are delayed a sufl&cient 
length of time to permit the lowering of the water table and 
a drying out of the litter. If the absorptive capacity of both the 
litter and the soil is reduced because of saturation heavy down- 
pours of rain will cause floods. Probably the most important 
effect of the forest cover is not in its effect upon surface run-off 
but upon its protection of the soil, which in rugged areas is 
susceptible of removal, and when both the forest cover and the 
absorptive topsoil have been removed, all rains, no matter 
what their spacing, yield rapid run-off. These indirect results 
are of major importance in the prevention of floods and in the 
maintenance of reservoir capacity whether the reservoirs be 
used for flood prevention or for other purposes. 

Deforestation in India. 

There can be little doubt that there were forests stretched 
over the greater part of India. In the Vedas, the earliest 
religious writings of the Hindus, m the epic poems of the Bamayan 
and the Mahabharat, references are xnade to dark, dense forest 
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areaft situated in the Oangetic Plain, now a vast expanse of 
oultivatfon and for a thousand miles or more devoid of forest 
growth. Similarly the records of the wanderings of C!hinese 
pilgrims (about 600 B.G.) frequently speak of miles and miles 
of very dense forests in the now almost treeless districts of 
GoraJ^pur and Western Bengal. As late as the sixteenth 
century the Moghul Emperor Baber hunted tiger and other big 
animals of the forests along the Jumna river, in areas which 
have now become barren ravine deserts of stunted thorny 
bushes. 

In the turbulent days of early Indian history with the rise 
and fall of dynasties and powers, the areas of forest fluctuated, 
shrinking to make place for cultivation with the advent of a 
strong ruler, increasing again with the collapse of central power, 
or when wars, pestilence and famines reduced the density and 
pressure of population. Thus we still find ruined and long 
forgotten cities in some parts of Indian forests. With the 
advent of the British rule in India, resulting in a great increase 
of population, with the attendant demand for timber for agri- 
cultural implements, constructional purposes, etc., a fierce 
onslaught was commenced on the forest areas and bv the middle 
of the nineteenth century all traces of primeval lorest in the 
Gangetic Plain disappear except in the mountainous regions. 
Thus the destruction of the forest area, or rather the diminution 
in the area of the forests within the boundaries of India, has 
been going on at a very great rate during the last 150 years. 
To rive you an instance, when the Emperor Jehangir built the 
castle of Nurpur for his Queen, Nur Jehan, the Light of the 
World, he writes in his memoirs that forest was so thick that 
a bird could hardly spread its wings. But if you go to that 
place to-day, you will see nothing but a denud^ hiSi country, 
with hardly more than a few tufts of grass and thorn bush on 
which a few goats eke out a miserable existence. All that has 
happened in a period of not more than three hundred years; 
in that time the dense forest which clothed the outer Himalayas 
has been reduced to a negligible amount. 

l>ae to the reckless extermination of forests by man or 
through excessive grazing, fires or over-cultivation, the area 
covered by forests in the United Provinces has been reduced 
to 4% of the total area of the province and is confined almost 
entirdy to the hills and submontane region. This in itself 
by all standards is inadequate to meet the diverse demands 
of a progressive country as it has been estimated that about 
20% of the area of a country should be covered by forests. 

Necessity of Forest Protection. 

There are two main reasons why such protection is necessary. 
Firstly, forests require xn^tection from man. It is a common 
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failing in humaii nature that whenever any product is found 
in abundance its use is abused without thought for the future. 
The steady destruction of forests which has taken place in the 
old and new world is a striking example of this attitude on the 
part of man. The great Indian epics tell of the mighty forests 
which used to exist in the Gangetic Plain. At the present 
day there are only remnants of forests left which are confined 
to the hilly tracts of the country, and over most of the plains 
the people are put to hardships as they cannot get the forest 
produce on the supply of which the success of their (cultivation 
depends. The reclamation of forest land by bringing it under 
the plough is a sign of agricultural progress as the people must 
have food to live and the greater the area under cultivation 
the better. But there are large areas of forest land which 
have been cleared for cultivation, which should never have been 
cleared as the soil is poor and incapable of supporting field crops 
year after year. Good forests can be grown on land which is 
poor from the agricultural point of view, and on such poor 
soils forests should be retained because they are more valuable 
than field crops. The practice of shifting cultivation under 
which forest areas are cleared and burnt, cultivated for two 
or three years, and then abandoned, has been responsible for 
destroying largo areas of forests. 

Apart from the clearing of forest land for purposes of 
cultivation there is another factor which has been responsible 
for the destruction of numerous forest areas in the country, and 
that is that, left to himself the villager takes no care of his 
forests. He hacks down the trees indiscriminately and allows 
his cattle and goats to graze all over the forest thereby pre- 
venting any new trees from growing up to tak^ the place of 
those he has removed. In how many thousands of villages can 
you see areas of barren waste land which formerly were covered 
with useful forest and which now do not yield even a scanty 
supply of grass ? It is thus sufficiently evident that forests 
must be protected from the thoughtless acts of ignorant villagers 
who would otherwise destroy the forests with dire consequences 
for future generations. 


Forest Conservation. 

Forest conservation is a field of vast significance in Indian 
life. The services which forests can perform are numerous and 
their influence far-reaching. Moreover, the renewable character 
of forests makes for a very practical phase of conservation. 
With sufficient forethought, the country’s resources can be 
kept at a level more nearly commensurate with its needs for 
wood products and other forest services', and, at the same time, 
much of the land which is now unproductive but suited to 
growing trees may be put to use. 
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One cannot imagine man separated &om water any more 
than one can imagine him separated from land. Water is an 
essential part of his being. He uses it in innumerable ways and 
because in areas of dense population he has been favoured ^th 
it, frequently he i^nds it recklessly, thinks of it as he thinks 
of air as an unlimited requisite of existence, and gives little 
heed to its value. In drier regions water is held of great value, 
and stringent laws governing its use are formulated. 

The place of water in the lives of people in arid lands may 
be realized by the frequent rain ceremonies of the Hopi Indians 
and by the repeated references in the religious literatures of 
desert peoples, as the Bible and the Koran, to water as a blessing 
and to paradise as a place where there is abundant water. 

Our water comes from precipitation, and the average 
rainfall for India is about 42 inches per year. This average 
will lead us easily to the total amount of water received by 
the country in one year but it tells nothing about the distribu- 
tion. 

The rainfall varies from almost nothing in the desert tracts 
of Rajputana to over 100 inches in the outer Himalaya and is 
profoundly affected by elevation and the distance from the sea. 
Most of the annual rainfall takes place in July, August and 
September during the summer monsoon; April and May are 
dry and intensely hot; the autumn is dry and in winter very 
little rain falls. Towards the north-west the rainfall decreases 
and the Panjab, formerly a desert, is now irrigated by a network 
of canals which take their origin from the rivers of the Himalayas. 

In regions of scant water supply, conflicts are likely to 
arise over water rights, and frequently in densely settled regions 
there must be a choice between its various uses. One arrange- 
ment of the uses of water in order of influence or importance 
is as follows: — 

1 . Atmospheric moisture indispensable to organic life. 

2. Drinking water for man. 

3. Water used in agriculture and animal husbandry. 

4. Water as^a habitat of flsh and sea-food. 

5. Water used for generation of power. 

6. Water used for mechanical and chemical processes 

in industry. 

7. Water as a means for transportation. 

8. Water as a medium for the removal and purification 

of waste. 

9. Water as a recreational asset. 

10. Water as a determinant of political boundaries. 

11. Water used as ice. 

India, for the manifold uses of water, must depend upon 
its rainfall. The 42 inches of annual rainfall cannot suffice 
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for all of them. About one-half of the rainfall ia evaporated 
and goes back into the atmosphere as water vapour; about 
one-third of it forms the run-ofiF, draining by streams and rivers 
to the sea. This is the visible water supply, and the greater 
pwoentage of the use in the above list arises from this portion 
of the water. One-sixth of the rainfall sinks into the ground 
and forms ground water; this is a less well-known but very 
important reservoir of water which acts as a stabilizer of lake 
levels and stream flow and a source of water supply for the 
plant growth. 

lie problem of the manipulation of the enormous amount 
of water which falls in India varies with the humidity or the 
aridity of the area. Evaporation, run-off and ground soakage 
are not uniform, and unwise practices may increase run-off to 
a danger point and destroy the balance set up by natural 
agencies. Among the many problems of water are the control 
of floods which, for example, have caused great losses of life 
and property in the eastern Gangetic Plain ; the control of low 
water stages which have hindered navigation, as on the Ganges 
and the Brahmaputra rivers, or have caused losses of crops; 
its use for navigation, power, water supply for (‘itios and towns, 
and the removal of refuse from houses and factories; the erosive 
tendencies of rain and streams; the silting of streams and 
consequent deposition when stream flow decreases; its use for 
irrigation; the maintenance of the ground waiter supply and the 
stabilization of the water table, and the use of water as a 
recreational appeal. A water policy of the country should be so 
established as to yield the greatest benefit possible from our 
water resources and be so regulated as to servo the greatest 
need. At all events, one needs take the stand that water is a 
highly valuable source, too precious to bo wasted. 


Importance of Water for Domestic Purposes, 

Water is one of mankind’s most essential needs. Primitive 
settlements were located around springs and water-courses, 
and when the water failed the people wore driven from their 
homes. Palmjrra, once a city of possibly more than 160,000 
people, vying with Damascus for the trade between Egypt and 
Babylon and reaching great prominence under the reign of 
Queen Zenobia, consists to-day of a few ruins in a desert land- 
scape while Damascus still exists. Both were oasis cities, but 
the drying up of the oasis at Palmyra spelled its doom. Later 
people learnt how to build aqu^ucts and transport water 
from distant springs and rivers. When gold was discovered in 
the Australian desert in 1892, and the towns of Kalgoorlie'and 
Coolgardie were founded, the district was* practically waterless. 
For a while the railway transported water to the towns at a 
cost of about R8.16,000 a day. In 1903, a water line was 
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ocmpleted from the Darling Bange, 360 miles away, and a 
delivery of 8,000,000 gallons daily resulted. So long are the 
pipes that ttey contain a month’s supply of water; in other 
words, the water takes one month in travelling from Mundar- 
ing to Kalgoorlie. 

Residents of the Indo-Oangetic Plain have not really 
appreciated the value of water as the dwellers in more arid 
regions have. The idea that there was an ample supply has 
been passed on from generation to generation. To-^y it is 
necessary to combat the idea and treat water as a natural 
resource of limited though perhaps inexhaustible amount which 
must be conserved so that the supply at any one time may be 
adequate for our needs and particularly so that its misuse may 
not be a burden to future generations. 

Sources of Waler Supply, 

Cities and towns in India obtain their water supply from 
many sources — ^lakes, tanks, wells, springs, tube-wells, and 
streams. Most rural towns and many urban localities depend 
on ground water for their domestic supply, and this comes to 
them in part through springs but largely through ordinary wells. 
In every rainfall where there is a surface mantle over the rocks 
a certain percentage of the water is absorbed by the soil (esti- 
mated average ateut 16%). This forms ground water. Its 
upper surface is known as the water table. The amount of 
ground water is much greater than is commonly supposed. It 
has been said that there is enough water under ground so that, 
if it were brought to the surface, it would form a layer probably 
600 to 1,000 feet deep. The depth of the water table varies; 
in swamps the water table reaches to the surface, and in arid 
^as it may lie a hundred feet below the surface. Frequently, 
in the Gangetic Plain, water is struck before one digs to 26-30 
feet. The water table depth in any single locality varies with the 
rainfall. A long period of drought takes a serious toll of the 
^und water, and the water table may be so lowered that 
it falls below the level of the well bottoms and the wells become 
dry. If the drain is not heavy the water table is generally 
brought back to its normal level by succeeding falls of rain. 
An extended drought, however, may bring serious damage by 
ki l l i n g off the vegetable cover and subjecting the soil to wind 
and later rain erosion. In some localities, the water table has 
been lowered beyond the level of efficiency by stripping the 
vegetation cover, as in excessive deforestation, and in the 
processes of extensive cultivation, soil erosion, and ditching. 
For example, it is estimated somewhat roughly that the water 
table over Is^e areas in India has been lowered by 10 to 20 
feet by these methods. As an extreme example may be quoted 
the serious reduction in the base level of the Jumna River 
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where flooding and scouring has lowered its bed at Etawah 
60 feet in the last flve centuries with a corresponding fall 
in the spring level. The cold weather level of the river is often 
120-200 feet below the surrounding country. The efiect of 
this upon the ground water supplies is obvious. 


Irrigation, 

The arid and semi-arid regions of India like Sind, Raj* 
putana and the south-west PanJab which are practically rainless 
have largely been rendered habitable and their latent resources 
made available to man by the use of water for livestock sub- 
sistence and irrigation. Water, a vital resoiu'ce in any environ- 
ment, assumes extraordinary significance in regions of less 
rainfall. In the arid and semi-arid regions of India, the con- 
servancy of water becomes of permanent importance. 

The chief characteristics of the Indian rainfall are its 
unequal distribution throughout the country, seasonal irregu- 
larity of precipitation and liability to failure or partial defi- 
ciency in many tracts. But, within individual tracts, remark- 
ably wide variations in total annual rainfall are found. Such 
tracts include practically the whole of the Panjab and North- 
West Frontier Province, the United Provinces, except the sub- 
mountain regions, Sind, a large portion of Bihar, most of the 
Madras and Bombay Presidencies, omitting the coastal bolts, 
and portions of the Central Provinces. The concentration of 
the principal rainfall in less than a third of the year places 
a very definite limit on the agriculture of the country. Thus 
our agriculture cannot aflbrd to depend exclusively on rainfall 
and it becomes necessary to provide the agriculturist with suitable 
irrigation facilities. 

The advantages of irrigation are numerous, the principal 
one being an increase in the yield of crops, the successful intro- 
duction of a stable agriculture in arid and precarious tracts, 
protection from and insurance against famines and scarcity and 
larger railway profits in agricultural provinces. The Indian 
canal system is by far the largest in the world. Of the total 
cultivated area of 280 million acres, no less than 60 million are 
irrigated from one source or another. 


Oreater demand for Waier, 

In view of the rapid increase in India’s population and 
consequent increase of pressure on land the demand for more 
water for irrigation and for better distribution of the existing 
supplies becomes annually more insistent. 
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Water Power and Us Conservation. 

Impobtakoe ov Poweb : Mechanical power is the heart of 
modem civilization. Until means of mechanical power were 
developed man was unable to gain any definite control over the 
elements. The power-driven machine and its accompanying 
division of labour have almost entirely replaced the self-reliant 
workman of former decades. Man’s welfare and comfort depend 
upon a continued and uninterrupted supply of power. Power is 
as essential a part of the necessities of modem life as are food» 
clothing, and homes. Indeed, without the use of mechanical 
power man’s necessities and luxuries would be limited to the 
products of his immediate locale. The use of power allows 
him to live where he desires, to have his wants carried to his 
home, and to be transported to and from his work. 

Sources of Power. 

The principal sources of power available in India are coal, 
wood-fuel, oil, wind and water. Coal is India’s most important 
mineral and India produces more coal than any other part of 
the British Empire with the exception of the United KiJ^dom. 
Most of the coal raised in India comes from Bengal, Bihar and 
Orissa (the Gondwana coal-fields). Outside these provinces, 
coal is obtained from Hyderabad State, Central Provinces, 
Assam, the Panjab and Bduchistan. Bajputana, Bikaner and 
Central India also contribute a small amount to the total coal 
supplies of India. Indian coal is thus very unevenly distributed, 
the deficiency being especially marked in the case of the penin- 
sula. The absence of coal supplies coupled with the high cost 
of railway transport acted as a great handicap to the growth 
of industries and this had to be overcome partially by the use 
of hydro-electric power. The utility of forests as supplier 
of wood-fuel has already been referred. Many of the Indian 
forests are, however, confined to hilly tracts from which trans- 
I)ort is a matter of great diflSculty and expense. Moreover, 
it is doubtful whether the supply of wood-fuel could keep pace 
with the demand for it for industrial purposes. The position 
with regard to India’s oil resources hae completely changed 
due to the separation from India of Burma from which nine- 
tenths of the indigenous petroleum was obtained. As the 
possibility of the ofi-bearing areas in Baluchistan, the Panjab, 
Assam, etc., must still be regarded as problematical, it would be 
unwise to place much reliance on this particular form of power. 

Water Power. 

As is evident the situation in India with regard to the 
supply of coal, wood-fuel or oil for purposes of generation of 
power is not quite so favourable as might be desired. There 
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are, however, fair prospects for the development of water 
power resources at its command. These have been limited so 
far on account of the seasonal character of the rainfall ni«.lfing 
costly storage works indispensable. In spite of this limitation, 
there are many potential possibilities of tremendous importance 
and within recent years considerable attention has been given 
to large hydro-electric power schemes. It is hoped that these 
schemes not only serve the purpose of suppl3dng power to 
the industries but also of extending the irrigation facilities in 
India. 

Electricity for Villages. 

We may even be tempted to dream of a time when every 
village within a reasonable distance from a hydro-electric power 
station will receive its supply of electric current to help the 
development of rural industries and increase the amenities of 
rural life. A start has been made and development on these 
lines has been undertaken extensively in the United Provinces. 
The power available at falls on perennial irrigation canals has 
been harnessed and converted into electri(‘al energy. The 
power so generated is being utilized for commercial, domestic 
and agricultural purposes. But on the whole there are great 
obstacles in the path of realization of all those bright visions. 
The initial expense of most of the hydro-electric schemes m 
India is heavy. The rainfall being seasonal, costly storage 
constructions are necessary and the expenditure thus incurred 
makes it difficult to supply power sufficiently cheap. Whether 
science will be able to remove this difficulty, the future alone 
can show. 

Floods and Flood Control. 

Rivers come into existence as a result of prwipitation 
falling upon the earth’s surface, and have as th(‘ir chief function 
the drainage of the excess waters to the sea. The lands receive 
their precipitation at very irregular intervals, and as a result 
the river with a uniform discharge dot^s not exist. If aU preci- 
pitation could be absorbed into the earth to become a part of 
the ground water and then discharged more or loss evenly the 
streams probably could be confined to their channels. But an 
important proportion of the precipitation never becomes a part 
of the ground water but fiows quickly to the water-courses, 
swelling the streams beyond their constraining banks. The 
placid stream fed largely by underground waters becomes in 
times of flood a raging torrent. With its capacity and its 
competency greatly increased, the river in flood becomes a 
powerful agent of destruction. Streams vary greatly m their 
capacity for destruction, but none is withdut its flood problem. 

The fertile alluvial lands of the Nile, the Tigris-Euphrates, 
the Hwang Ho, and the Mississippi, the creation of their 
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reftDeotiye rivers are repeatedly inundated, bringing death to 
millions and destruction to the works of man. The great rivers 
are, at the same time, the giver and destroyer of life and property. 
Smaller streams suffer from recurring floods, and the damage 
done is locally very great. The flood problem may be said to 
have its beginning when waters derived from run-off and under- 
ground sources spread beyond the restricting channel of the 
stream. 

Flood Destruction. 


The predisposition of the people to pre-empt the rich 
riverine lands for both agricultural, industrial and commercial 
purposes subjects them to the hazards of the recurring floods. 
Many of our large cities such as Delhi, Agra, Cawnpore, Lucknow, 
Benares and Patna were founded upon rivers when the water- 
courses were the principal highways of commerce. The use of 
lowlands for industrial and commercial purposes has caused 
excessive damage at times of flood, due both to the destruction 
of property and the suspension of busiuess. Lands once used 
for private purposes are not easily relinquished, for the owners, 
especially if individual landholders, can hardly afford to abandon 
the proi)ertie8 to the use of the river. In such areas the recurring 
floods cause increased damage due to an increase in property 
values through the years. Urban areas subject to floods are 
abandoned o^y with great difficulty, for both industries seeking 
lowland values and people of the low-income class seeking low 
rentals are likely to locate on these cheaper lands along the rivers. 
Protection against floods is sought before abandonment is con- 
sidered. If protective embankments prove adequate property 
values increase and the utilization of land is intensifled. Then 
an unprecedented flood which breaks through the embankments 
causes great damage. The increased property damage in many 
cities is due to man’s encroachment upon the river. 

In agricultural areas the amount of damage depends upon 
the intensive economic use to which the land is subjected. 
The inundation of the crop lands may greatly reduce the yield 
or completely ruin the crop. The losses in rural areas are 
offset in part by the enrichment of the lands by the deposition 
of silts. The fertile topsoil eroded from the slope land within 
the drainage basin is deposited in part along the alluvial plains 
of the master stream and the major tributaries if they are 
aggrading streams. In some areas the spreading of coarse 
sand and gravels along a flood-plain may depreciate the value 
of the land for crops. 


Causes of Floods. 

Floods are results of many conditions working singly or 
in combination. Usually no singb cause can be assign^ the 
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whole regponsibility. The immediate cause of most floods, 
however, is the excessive run-off from precipitation of high 
intensity, though many other conditions may be necessary to 
cause a great flood. 

Flood Control. 

To escape from the danger of floods various control measures 
either singly or in combination have been utilized to provide 
the necessary protection. Probably one of the earliest methods 
used to escape from floods was to evacuate the area at the 
first warnings of impending danger. Flight to safe areas could 
hardly be interpret^ as flood protection but it did mean the 
protection of life and a limited amount of property. This 
method is still used when t)ther methods of protection fail. 
Throughout the history of civilized man the fertile alluvial 
lowlands have been preferred areas of habitation; and, as 
high water menaced periodically the homes of the people the 
protecting dyke or embankment became one ol the first methods 
of defence against floods. In other countries the flood problems 
are being attacked by various methods. One of the simplest 
and most individual methods of flood protection is channel 
improvement. Embankments are very commonly associated 
with other local preventive measures used along the smaller 
as well as the major streams. Further, the problem of flood 
protection may be partially solved by the use of preventive 
works in the head stream area of a drainage basin. Under 
certain conditions these storage reservoirs not only provide a 
solution to flood problems but may be used for other purposes 
such as water supply, power, irrigation, etc. 

The Responsibility for Flood Control. 

The control of floods is a responsibility which extends 
beyond the limits of the inundated area. Floods have no 
respect for political jurisdictions, just as political boundaries 
show little relation to hydrograpWc boundaries. Since flooded 
areas seldom coincide precisely with political areas the existing 
minor civil divisions such as tahsils and districts are unable 
individually to cope with the flood problem. 

Individual Responsibility. 

The flood problem begins with the formation of a tiny rivulet 
in the farmer’s field. Its control is both a personal and a social 
responsibility. His personal interest is not confined to the 
hazard of floods on his farm but to the associated loss of JBoil 
as the run-off gathers into rivulets which* converge into larger 
and more devastating streams, producing both water and soil 
damage. 



178 Pfw. 28ik L8.C. : Part II: PrendenHal Addresses. (24) 

The individual landowner^ though he may have a humani- 
tarian interest in the flood hazards of the drainam basin in 
which he lives, can do little towards the solution of the problem, 
em^iaUy if he lives beside a hupge stream. In rurSal areas 
when streams are small, individual farms may, by channel im- 
provements and the construction of embankments, give protec- 
tion to their low-lying lands. The clearing of a stream channel 
of driftwood, trees, and other obstructions may so facilitate 
the flow during the time of high water that the channel is 
widened, thus increasing its capacity. 

Imperceptibly the person^ responsibility of many indivi- 
duals enlarges to a regional responsibility co-extensive with 
each important drainage basin. 

Regkmal Aspects of Flood Cordrol. 

Planni n g for the best use of water resources is essentially 
a regional responsibility, the region being coincident with the 
drainage basin of the streams concerned. This concept of the 
planning region cannot be adhered to rigidly, for the transmis- 
sion of water power in the form of electricity and the distribu- 
tion of water for irrigation and municipal purposes extend far 
beyond the limits of drainage basin, and require a modification 
of the hydrographic region to include adjacent areas which 
constitute the peripheral sections of an economic region. 

The problem of flood control, however, is rather strictly 
confined to the drainage basin. So long as control measures 
involve only riverine works the plan would require the 
co-operation of riverside communities but as control is extended 
to include preventive measures the whole drainage basin should 
be organized into a unit. The obstacles which make difficult 
the realization of this ideal are many, and probably will stand 
in the way of a strictly regional organization bas^ upon the 
hydrographic basin. 

Responsibility of the Provinces and the Central Oovemment. 

Where a drainage basin lies entirely within a single prov- 
ince the responsibility of handling the many water problems 
lies on it. Flood problems which involve two or more provinces 
may require inter-provincial co-operation in order that a flood- 
control programme may be extended to all parts of the drainage 
basin. The co-operation should include not only an inter- 
provincial agreement but also a uniformity of laws to facilitate 
the work connected with flood control. The State’s responsi- 
bility also extends to finance the operations. For such purposes 
excessive ex^nditures may be justified, but there should be a 
careful scrutmy of all flood-control pla^ to make certain that 
the benefits to be gained equal or exce^ the cost of the protective 
works. 


12B 
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CONOLITSION. 

In ooncluBion I would emphasize that soil erosion in India 
has become a matter of vital concern and demands immediate 
attention. The improvement and fertility of Indian soils is 
another important problem. Planning on a wide scale to main- 
tain soil fertility is, therefore, of supreme importance to the 
country in her campaign of rural reconstruction. The rapid 
increase in population since British occupation has greatly 
intensified pressure on the land, caused the cultivation of much 
unsuitable ground and shortened the resting periods between 
cultivation that are frequently necessary for the stability of 
tropical soils. The human population of India is increasing 
at the rate of about 4 to 6 millions per annum. Much of this 
increase is occurring in the tract where nature in the first 
place provided ea»sy conditions for human settlement, namely 
rainfaU not too heavy for the ordinary farm crops, and natural 
grasslands in which cattle thrive. Therefore, much of the 
weight of this increasing population is falling upon the tension 
belt where grassland can persist only under reasonable treatment, 
and if once destroyed cannot reinstate itself as easily as it can 
under a slightly heavier or better distributed rainfall. Hence 
over very large tract of country natural grasslands have already 
disappeared and village livestock are dependent upon bush 
and tree growth for their day-to-day existence. The amount 
of erosion caused directly through over-cultivation and over- 
grazing has become a national menace. 

The conservation of forests and water resources of India 
are also vitally connected with the problem of ever-increasing 
population of the country and require a sound planning. 

We should, therefore, recognize that problems of conserva- 
tion are vital to each and every citizen of the nation. To 
one who is alive to the significance and magnitude of the problem 
of providing posterity with the means of a richer and happier 
life the conservation of the natural resources and their economic 
exploitation will appear to bo the only possible solution. The 
development and administration of conservation projects will 
demand the full time of a large staff of experts maintained by 
the State, and it is gratifying to note that the Imperial Council 
of Agricultural Research and Provincial Governments are 
directing their strenuous efforts towards the execution of su(h 
projects, yet much cannot be achieved without the cordial 
support and co-operation of all citizens whether they are devel- 
oping natural resources which they own privately or developing 
resources on public lands. The spirit of conservation demands 
that we recognize limitations to our personal rights in the 
utilization of gifts made by nature and 'render best services in 
the execution of local, provincial and national projects of 
conservation. 
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THE RESPIRATION OF PLANTS IN LIGHT 
Ladies and Gentlemen, 

I am deeply sensible of the honoiu done to me by the 
invitation to preside over the section of l^otany at this 28th 
Session of the Indian Science Congress. An honour like this is 
in itself a matter for gratification, but it becomes doubly welcome 
when the Congress happens to meet at Benares — the place of 
my birth and early education. I recall that fifteen years ago in 
this very city a great teacher and a kind friend, Professor 
R. S. Inamdar, occupied the presidential chair. Professor 
Inamdar was one of the founders of the School of Plant Physiology 
in India, and his memory as a Professor will for over be cherished 
especially by his former pupils. 

For the purpose of my address the Scission at Benares is 
particularly opportune. Benares was and is the home ot 
physiological research. The subject of my addr^ wliich is on 
some physiological problems, though specialized, may ]K*rhaj)s 
interest a larger body of scientists. 

The Theory of Phoiochemk al Action 

With the rapid advance of Science towards unravelling the 
mystery of light and bridging the gulf between light and matt(‘r, 
the subject of Photochemistry has, as rapidly, I’orged ahead. 
Invitro experiments have enabled us to get clearer conceptions 
of photosynthctic and photo-oxidative reactions. These reactions 
are, however, far moie complicated in the living matter and my 
aim here will be to discuss whether or not jthoto-oxidations take 
place in the plants, as well, or, in other words, whethei theie is a 
‘Light reai>iration’ as opposed to ‘Dark respiration’ in plants. 
But before we start on the problem itself let us briefly understand 
the general theory of photochemical action. Photochemical 
reactions are chemical reactions which are produced directly or 
indirectly by absorption of radiation. This was first propounded 
by Grotthus (1819) and, at a later date, independently by 
Draper (1841). Consider now a beam of light, compost of 
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various waveleBgtihs^ faUiug on ft chemical molecule. Li|^t 
consists of a series of periodic electro-magnetic disturbances of 
various periods of vibration. A molectde has also a certain 
period of vibration. Thus those light waves that have s imil a r 
periods of vibration as the molecule will get absorbed ai^ by so 
doing set up a resonant vibration in the molecule, which may 
reach an amplitude great enou^ to bring about a chemiciJ 
change. Such changes may lead either to an increase of energy 
or to a decrease. A simple case of a former type of reaction is 
that of anthracene which, in lij^t, polymerizes to di-anthracene 
and thereby the stored energy is increased. The assimilation 
of carbon by green plants is a case of complex reactions leading 
to an increase in energy. Photochemical reactions, however, 
resulting in the loss of energy may according to Weigert be 
divided into (1) comx>ound reactions and (2) catalytic reactions. 
In the case of the compound reactions the products of photo- 
chemical change are used up in another reaction. The photo- 
graphic plate may serve as an example. By the action of light 
bromine is liberated from silver bromide thus forming an inter- 
mediate product. This then combines with the gelatine on the 
plate causing bromination of the gelatine. Respiration in plants, 
obviously, cannot come under this category, for in this case 
light is essential for bringing about the production of intermediate 
substances; it is not so in the respiratory process. On the other 
hand, there are numerous photochemical reactions which even in 
darkness, afler a period of illumination, proceed at a speed 
greater than their thermal velocity. These show the pheno- 
menon of ‘After effect*. In such cases, in aU probability, the 
increased quantum yield may be due to the formation of a 
catalyst. The well-known reaction of iodoform in chloroform, 
which liberates iodine in light and continues to do so even in 
darkness with a sufficient velocity which is, however, less than that 
in light will serve as an example. Such reactions will come 
under Weigert’s second group, viz. catalytic reactions. All these 
reactions whether they be anabolic or catabolic must be preceded 
by an activation process. The ordinary vital reactions are slow 
for the simple reason that large numbers of molecules do not 
move with a very high velocity which is necessary for chemical 
rations. Ordinarily, all the molecules do not move with such 
high velocities amd thus the reaction goes on in darkness at a 
slow rate, but in light the molecules absorb radiant energy and 
thus increase their vibration velocity. According to the third 
law of dynamics, however, any reaction, that causes the diminu- 
tion of free energy, must take place, for by so doing free energy is 
decreased. Thus after the vibration velocity increases, a reaction 
leading to the diminution of free energy takes place. Fig. 1 
may serve to explain this point. 

An unactivated molecule of CeHi20(i will not oxidize to 
CO 2 and H 2 O in the same manner as a bi^ kept on a roof will 
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not fall below. The ball has to be pushed to enable it to &11, 
so also the sugar has to be activated first before any kataboUo 
reaction takes place. In both the cases there is a loss of energy. 



Fig. 1. 


Thus in all cases of such reactions, even though tUere be a final 
loss of energy, intake of a specific quantity of energy must at 
first take place. 

ThB PrIMABY PHOTOOHBBilOAL PbOOBSS 

With the development of the modem method of research in 
photochemical reactions the role of the primary absorption process 
in gaseous reactions has been of great importance in discussing 
the mechanism of the total (primary and secondary) photo- 
chemical change. 

In this connection the quantum theory of Stark and its 
subsequent development by Einstein is of great importance. 
Einstein assumed that absorbed light energy in amount equal to 
NAv should bring to reaction v molecules, provided the time 
interval between the absorption of an energy quantum *by a 
molecule and its subsequent reaction was small in comparison 
with the mean life of activated molecules. 

According to Bodenstein<^ the primary effect of the 
absorption of light is the ionization of the molecules, but this 
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has beenfound to be inyalid. Later Warburg and Nemst ^ 
adranoed the view that dissociation of the molecules occur as a 
result of the prfanary photochemical process. 

The phenomenon of li|^t absorption by both the atomic 
and molecular systems have recently been studied by Franck 
Bollefson^ and others and it has been argued that in the 
atomic system, the atom in question is excited to a higher energy 
level and the excitation energy is utilized in the secondary 
reaction in presence of other gas molecules. 

Similarly, for atomically bound molecules, if the absorption 
lies in the continuous region then according to Franck the 
molecules will be dissociate iqto atoms and one of the atoms 
will be in the excited state and in the presence of some chemically 
reacting component the excited atom will react and bring about 
the net photochemical change. 

Recently, Bhattacharya ^ has shown that the role of the 
primary absorption process is activation or may be atomization 
of the molecules which is but a physical change in the state of 
the molecules. The electronic energy absorbed is subsequently 
transformed into kinetic energy which makes the molecules 
more reactive with the result that the initial rate of secondary 
chemical reaction is accelerated. Bhattacharya has further 
shown that the temperature coefficient for the primary process 
in photochemical reaction is unity. 

In brief, the exact ]X)sition of the present idea about the 
primary absorption process in photochemical reaction is that 
the absorbed energy is responsible for the initial acceleration of 
the thermal reekotions in light and that the photochemical 
reaction is the continued effect of this absorption process together 
with the secondary chemical changes which may set up chains. 

With this preliminary talk on the present knowledge of 
photochemical reactions I shall now proceed to apply it in the 
case of plant respiration. 

Historical review : 

The earlier work on this branch of the subject is very 
scanty. It was Borodin ^ who discovered an indirect relation 
between light and respiration. He found that the respiration 
activity of leafy twigs gradually decreases in darkness. Bonnier 
and Mangin^ showed that light has a direct effect on the 
i^iratory mechanism. If plants are placed alternatively in 
light and darkness a retarding influence of light is noticed. This 
hks no relation to carbon assimilation, for this effect is noticed 
even in plants without chlorophyll. 

Maximov finds that the effect of light upon As'pergiJias 
niger varies with the age of the culture as also with the nature 
of the nutrient medium. Day ^ found 3% to 4% mme respiration 
for barley in diffuse daylight. 
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Spoehr divides the light reactions into two classes direot 
and indiieot. In the first, with which we are here conoerned, 
light direotly acts bringing about physioo-ohemioal changes of 
certain physiologically important substances within the organism. 

Warburg finds that light has some photochemical efFeot 
on respiration. Working on yeast he finds that respiration is 
arrest^ by the presence of CO. But if a mixture of yeast and 
CO is exposed to light, respiration re-starts. This is due to the 
dissociation in light of the CO which is bound to the Fe of the 
respiratory ferment. 

Recently, De Boer working critically with fungi finds no 
effect of light on respiration. This, as subsequently discussed, 
may be due to the inability of the colourless fungi to absorb the 
necessary radiation. For, to cause a primary photochemical 
process to take place, light must be absorbed in the system. 

It should also be pointed out, that it is not necessarily true, 
that chemical reaction must follow absorption. For instemoe if 
radiations of long wavelengths are absorbed the quantum of 
energy may be too small to effect a reaction. It is possible 
that colourless fungi either cannot absorb radiations or absorb 
such radiations as are incapable of producing any chemical 
reactions. 

The problem of the effect of light on respiration has been 
investigated in our laboratory from five different angles, viz. : — 

(1) The respiration of non-green but coloured leaves and 

flowers in light, 

(2) The respiration of colourless organs, like roots, in 

light. 

(3) The respiration of green leaves in light and the after 

effect. 

(4) The effect of temperature and light upon respiration. 

(5) And finally, in view of our knowledge of respiration in 

light, the study of the real assimilation rate of 
carbon. We shall discuss these one by one and 
then try to arrive at some definite conclusions. 

The floating respiration : 

Most plants, respiring in darkness, show a slow fall in their 
respiration rate, when brought from light to darkness. This 
unstable transitory phase is noticed only at the first phase of 
respiration and is called the * floating ’ respiration by Blackman ^ ; 
while the low steady rate of respiration reached after the floating 
part is the 'protoplasmic* respiration. 

That starvation is definitely not responsible for the^fall in 
the floating part of the respiration curv^, is shown by Banjan 
for Mangifera and Eugenia leaves. The leaves of these plants 
possess enough food material in reserve to maintain a hi^ rate 
of respiration for weeks. 
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Physiological starvation, however, which can be broa^^t 
about by high tonperature, due to the shifting of the starch ^ 
sugar balance so tl^ the available sugar decreases, is well 
known, but the laboratory tempm^ture of SS'^C. at which the 
experiments were conducted was not higher than the temperature 
in the open in the tropics. Thus physiological starvation too 
cannot explain the fall in the respiration rate. 

In the light of the subsequent results, herein described, one 
is forced to conclude that this fail in the respiration rate at the 
'floating part’ is due to the direct effect of the absence of solar 
radiations on plant respiration. 

The reapiraJtion of non^ffrun but coloured leaves and flowers : 

Work on the colourless leaves of GroUm by Banjan^^ shows, 
that during the first phase of respiration in darkness a slow fall 
o the typical floating type is noticed. When these leaves were 
Illuminati from a 1,000 W. lamp, kept at a distance of one foot, 
the respiration rate actually showed a distinct increase throughout 
the period that the leaf was in light (Fig. 2). 


■Dark 



On removing the source of light the respiration rate fell off 
to assume the rate of respiration in darkness. The temperature 
all the while was kept steady, as the heat from the lamp was 
absorbed by a screen of flowing water interposed between the 
lamp and the plant material. 

This rise in respiration can only be due to the catalyzing 
action of li^t. Fmiher proof of this was furnished by the 
work on the coloured flowers. 

It must be noted here, however, that most of the colourless 
leaves of Croton are not wholly devoid of colour but are fiuntly 
coloured yellow. Parija and Saran’s work confirm these 
results. Working on the albino varieties of Andia they found 
that by exposing these plants even to a short period of difhised 
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the respiration rate after the exposure got augmented. 
It is quite probid>le that these albino varieties like the faintly 
yellow leaves of Croton contained some pigment. 

The bate of Besfibation of some ooloxtbed flowebs 

Banjan and Saxena working on the infloresoenoes of 
Bougainvillea^ (yellow and pink) Nerium flowers and yellow 



Fio. 3, 



H9ur$ 

(BougainvUUa) 
Fio. 4. 
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Canna flowen, found that the floating respiration in both 
Bov/gainmUta nod Nerium showed the usual fall and when after 
about 18-% hours’ light was administered from a 1,500 W. 
Osram lamp kept at a distanoe of one foot, the respiration rate 
quickly went up. Onoe the high peak was reaci^, the respira- 
tion rate, however, slightly declin^ oflF even in light. 

When the pkmts were brought back to dfiurkness, the 
respiration rate steadily fell off. The respiration of Canna 
flowers, on the other hand, behaves somewhat differently to the 
respiration of Nerium or Bougainvillea. In Canna^ Fig. 5, one 
notices a total absence of any fall in the 'floating’ respiration 
while the increase in the respiration rate in light is only very 
slight. Thus there appears to be a certain co-relation, between 
the fail in the 'floating’ respiration and a rise in the respiration 
when plants are exposed to light. 



This fact leads us to suggest that if normally the floating 
respiration keeps low from the very start, then the subsequent 
exposure to light will bring about no change in the respiration 
rate. 

The analysis of both the plastid and anthocyanin pigments 
of these flowers revealed that whereas in Nerium and Bougainvillea 
these pigments were in abundance, Canna flowers contained 
vaiy little of them. If now, the solar energy of the right fre- 
quency is arrested by such pigments, then the carbohydrate 
molecules in Nerium and Bougainvillea will necessarily get 
activated and so bring about increased respiration. From the 
same viev^int the resj^tion of Canna, which contained less 
of these pigments, will remain low in light. 
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In the oases of Nerium and Bcmgainvilka, there was a 
long oontinnous fsJl when the plants were bron^t from open 
sumhine to darkness in the laboratory and so also there was a 
long continuous fall after the laboratory illumination to darkness. 
(See figs. 3 and 4.) This feature is of considerable importance, 
for, while assuming that respiration in light is also a photo- 
chemical process, one will not be able to apply Einstein’s law of 

1 )hotochemical equivalence. For, we have seen that even when 
ight is cut off the reaction goes on at a relatively fast rate, 
tbDUgh diminishing in its rate during successive hours. In- 
vitro experiments on photochemical reactions may give us some 
insight into this type of complicated reactions. For instance, in 
the case of chain reactions met with in certain types of photo- 
chemical actions the products of reactions liberate sufficient 
energy to activate additional reactants, causing a chain of 
reactions to take place. An illustration may serve to explain 
the point. In the formation of HCl from H 2 and CI 2 , the 
following chain reaction is supposed to take place. 

Cls+light = 2C1. 

CI+H 2 = HCl+H. 

H+CI 2 = HCl+Cl. 

CI+H 2 = HCl+H. And so on. 

As I have said before it is now well established that even 
in exothermal reactions the reacting molecules have to get 
excited before they can react and I cited the case of a toll 
which has to be pushed from a roof before it can fall and thus 
lose its energy. Now in the photochemical synthesis of HCl 
from H 2 and CI 2 , if q be the energy given out in the reaction 
and hv is the energy which is necessary to activate the CI 2 
molecule, then in the reaction the energy given out will be g— Av 
Obviously, this energy is greater than hv, and is, therefore, 
sufficient to activate a second molecule of chlorine, which on 
reacting will liberate again a sufficient quantity of energy to 
bring about a reaction of the third molecule. 

If the energy is not dissipated away then once a reaction 
starts it will continue indefinitely. But the energy does get 
dissipated hence a gradual loss in the reaction rate. The slow 
fall in the rate of respiration when plants are brought from 
li^t to darkness, could also be explained on somewhat similar 
lines, viz. (1) the accelerated pace set up in light oontinues 
owing to chain reactions even in darkness, but (2) owing to 
other reactions in which catalysts are likely to play a part, the 
otoin reactions break up and the resj^tion rate drops off. 

The quick rise of the respiration rate and its subsequent 
slight fall even during the period of exposure to light ^ more 
difficult to explain and may be duetto a variety of causes, 
amongBt the foremost of them being the effect of light on (1) 
the permeability of the protoplasm, (2) the viscosity of the 
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]^x»ioplaein> (8) the plasma membraiiet (4) the action on enzymes, 
or (6) the formation of internal filters. 

In this short paper it is not i>o88ible to give fall justice to 
the works of various investigators on these problems, but a 
few of the more important recent works will be dealt with. 

Lepeschkin^^ using the pulvinus cells of Phaseolvs and 
Spirogyra filaments concludes that light increases the per- 
meability to KNOs with increased illumination. He used the 
isotonic coefficient method. Later Zycha ** criticized this 
method and showed that Lepeschldn’s results are unreliable. 
Hofifaiann using the Hofler pl^mometric method also finds an 
increase in permeability. Hoagland and Davises measured 
dhrectly the amount of anion accumulating in the sap of NiteUa 
in darkness and in white light. They found that accelerated 
the accumulation of the anions. These authors think that light 
causes a change in the metabolic process. On the whole, there is 
a preponderance of opinion in favour of the increase in per- 
meability in light. If that were so, then the decrease of respiration 
in prolonged exposure to strong light may be ascribed to this 
phenomenon. 

Moreover, light also affects the viscosity of the protoplasm 
as has been shown by Huber Weber®® and others. Weber 
noted the difference in the form of plasmolysis. Convex 
plasmolysis is associated with relativity low viscosity and concave 
with high viscosity. Leaves in darkness show ‘convex* while 
leaves in light show concave plasmolysis. Hence he concludes 
that viscosity is higher in the light than in darkness. 

HeUbrunn and Daugherty ^7 have shown that ultraviolet 
light releases calcium from the cell cortex, which then enters 
the protoplasm proper causing first liquefaction and then 
gelation. Now, as it is supposed, if the plasma membrane of a 
cell is a calcium gel, then light radiations w^ill weaken such 
a gel by the removal of the calcium and consequently the 
permeability will increase. 

The action of radiations on the enzymatic system is yet 
imperfectly understood. Most of the work so far done has b^n 
with the extracts of enzymes, and that too in its impure form. 
So that it will be unsa^ to draw definite conclusions from the 
results of experiments done in-vitro. But some in-vivo results 
are summarized below. 

Green’s 1® work upon the action of light upon diastase 
solution, and upon diastase of the leaf showed that bright sun- 
light had no efi^t. 

Knott®^ found an increase in catalase activity of spinach 
after lengthening the photoperiod. Baly and Semmens® also 
report that when a strong b^un of polarized li^t was made to 
fi^ upon the starch of potato, wheat, and com, a rapid hydrolysis 
of starch to sugar occurred. On ihe other hand, Pinousaen®® 
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observed the destruction of diastase by light in the presence of 
oxygen. 

Banjan and Mallik^^ showed that an exposure of green 
leaves to light increases the hexose content and this formation of 
hexose is correlated with the increase of catalase activity. 

It may, in this connection, be also mentioned that Chatter ji ^ 
found that injection of alcohol in the leaves of Eugenia jamlK>lana 
similarly increased both the hexose content and catalase activity. 

Pal’s work shows that light may have considerable effect on 
the respiratory activity of fatty materials by changing the lipase 
activity and thereby altering the fatty acid— glycerol carbo- 
hydrate equilibrium. His work on Spkogyra shows a profound 
effect of light on the metabolism of the algae in the conjugating 
stages probably due to some changes in the enzymic activities. 

That the fall in the respiration rate of leaves, when exposed 
to prolonged period of illumination may be due to the formation 
of ‘intend filter’ is also possible. O^gen may be one such 
filter. For during the exposure to light, carbon assimilation 
starts within the leaf and the consequent formation of oxygen 
takes place. It had been shown in in-vitro experiments that 02 
acts as a negative catalist. Its retarding influence on the photo- 
synthesis of HCl has been noticed. Dhar finds that oxygen 
retards the reduction of mercuric chloride by potassium oxalate 
in the dark. And AUmand and Webb^ have shown that the 
photolysis of potassium ferric oxalate practically stops on 
bubbling oxygen through the solution. Thus the slight fall in 
the respiratory rate may be due to some of these causes either 
acting singly or jointly, when leaves are subjected to prolonged 
exposure to light. 

The Respiration Rate of Roots } 

I have said before that the respiration rate augments in 
light only in those cases where light energy of the rig^t type is 
absorbed. This fact is further proved by experimentation on 
roots. For this work Pistia roots were chosen for the Piatia 
plant being a floating form, its roots are particularly suitable for 
experimental purposes. These roots, previous to their being 
put in the experimental chamber, were exposed to 2 hours of 
direct solar radiations. 

Unlike the respiration rate of leaves the respiration here is a 
flat horizontal curve and shows no fall in the floating part 
(Fig. 6). The rate of its respiration was found to be about the 
same as the ‘protoplasmic’ respiration of its shoots per gram of 
the plant material. Previous exposure to light brought no 
change in the respiration rate. This explains two points: (1) 
the roots being colourless, light ener^, which could cause 
activation of the molecules is not absorb^, and (2) the ‘proto* 
plasmic’ respiration of green plants is the normal respiration in 
darkness. 
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The Bbspibatiok Bate of Green Leaves in Light 

From these considerations we now pass on to the respiration 
of green leaves in light. As is obvious, in lij^t a green tissue 
will not show the emission of for as soon as it is produced 
in respiration, its reduction to carbohydrates will take place and 
no CO 2 will escape out of the stomata. Thus it is only by indirect 
means that the respiration rate in light can be found. 

The experiments on Eugenia leaves show that when light 
from a 1,000 W. Osram lamp was given from a distance of one 
foot from the plant chamter, the CX )2 of respiration in the 
pettenkofer tubw rapidly declined off as the photosynthesis 
(Fig. 7) increased. After 15 hours of exposure the leaves were 
again darkened and the (X>2 in the pettenkofers went up. 

During the period the leaves were in li^t, assimilation was 
gomg on and if even aH the (X )2 of respiration was built back by 
assimilation — ^whioh of course is not the case-^en at the end 
of li{^t the rate of respration should be the same as at the 
beginning of the illumination for the carbohydrates being the 
basic materials for reB|^tion, their concentration should be 
the same at the end of %ht as at the beginning. 

The 'after effisct" of light, however, shows that the OO 2 
emission gradually increases, hour by hour, to a value which 
is in excess of the respiraticm rate just prior to Uj^t exposure; 
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and soon after attaining a maximum value the respiration rate 
starts to fall off. Now» if we aooept the hypothesis that the 
rei^iration is higher in light and that it gradually falls off in 
darkness, then the way to find out the respiration rate of a green 
leaf, in light, is to produce baokwards the falling ourve of 
respiration to the time at which light was switched off, i.e. to 
the time at which darkness began or to the zero hour of darkness. 
This has been drawn baokwards in Fig. 7 marked A. The 



12 24 36 

Hours 

Fio. 7. 


respiration rate, according to this hypothesis, is over 32 mg. 
CO 2 per 10 gm. of leaves per 3 hours in light but in darkness 
it falls off to about 20 mg. CO 2 per 3 hours. And the falling 
curve in-between these points (the fioating respiration) is the 
‘after effect’ caused by the primary photochemical process 
setting up ‘chain reactions’. This thus accounts for the 
subsequent high rate of respiration for at least some time, even 
after the illumination is removed. That the ‘after effect’ may 
last for several hours, has also been shown in in-vitro experiments. 
In the case of mercury vapour it has been observed that the life 
period of the excited atom is of the order sec. But recently 
Wood has observed that if a mercury lamp is started anff then 
switched off the glow persists for sevm^I seconds. In the ease 
of solutions, Ghosh 1 ^, Dhar^^ and others have shown that the 
‘after effect’ has been found to exist for about 2 or more hours. 
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In the case of ferrous sulphate and iodine, Dhar and Mukerji 
found the ‘after effeot* to last for 2 hours and 15 minutes, while 
in the ease of the bleaching of di<^anin the ‘after efEeot ’ continued 
for 4 hours and 10 minutes. It may be argued that this difference 
in the life period of the active molecules is due to the complex 
nature of tne solvent molecules with which these authors have 
worked. I may, therefore, venture to suggest that the nature of 
the plant cells is more complex and naturally once they are 
activated the ‘after effect’ may last for a long period. 

That the high peak of respiration is not reached all at once 
in experimentation is due to the numerous structural difficulties 
which impede the flow of CO 2 from the parenchyma cells of 
the leaf to the pettenkofer tubes. And by the time the new 
adjusted state can be arrived at, the respiration rate drops off 
hour by hour as the ‘ after effect * damps off in darkness. 

Parija and Saran^^ have shown that light has no effect upon 
the respiration rate till after 40 hours in darkness It is probable 
that for their leaves the first 40 hours are the period of floating 
respiration when the ‘ after effect ’ of light, due to the secondary 
photochemical reactions, is taking place. (Here the leaves were 
brought from light to the dark experimental condition of the 
laboratory.) And if during this period of ‘after effect’ light 
were to be administered it might not show any effect. It is 
only when the effect of light hm died down, e.g. at the proto- 
plasmic level, that the illumination will increase the respiration 
rate of leaves. 

I shall now attempt to discuss a few records of experimenta- 
tion on the influence of temperature on photochemical reactions 
in respiration. 

Thu Temfebatube Effect upon Light Resfibation 

In-vitro experiments by various investigators have 8ho\>^n 
that generally speaking the temperature coefficient of a reaction 
occurring in light is much greater than unity but is smaller than 
that of the reaction in darkness. Dhar finds in the case of the 
oxidation of potassium oxalate by iodine that in darkness for a 
10°C. rise it has a value of 7-2 while in diffuse light the tempera- 
ture coefficient is 3-4. This is due to the activation of most 
molecules in light and thus further activation with rise of 
temperature is relatively smaller. 

^ The work ^ on the temperature effect was done with Jfehe 
entire plants of Pistia which possesses a rosette of green leaves. 
TChe range of temperature varied from 20-5°C. to 40°C. Figs. 8-1 1 
give the respiratory index of the plants in light and darkness 
at temperatures of 20-5°C., 27®C., 35®C. and 40°C, The arrow- 
head lines show the course of the protoplasmic respiration in 
darkness, and the continuous lines point out the low CO 2 
emission as seen by titrations of the contents of pettenkofer 
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tubM due to the partial aeaimilation of the C02 given out in 
respiration in light. The dotted line shows the respiration rate 
in darkness after exposure to light. 



(Temp. 20*6®O.) 
Fio. 8. 



(Temp. 27®C.) 
Fio. 9. 



(Temp. 36^0.) 
Fio. 10. 



(Temp. 40®C.) 
Fio. 11. 


Following up our previous method, of studying the ‘after 
effect’ of light, to find out the respiration rate during the period 
the leaf was illuminated, one finds that the respiration rate 
gradually falls in darkness till its final particular tempeiature 
level is reached. The respiration curve i^ now drawn backwards 
to the zero hour. This is shown by curves marked A in Figs. 

I must confess here that these curves marked A are fairly 
arbitrary and can be subjected to certain amount of variations. 
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NevertheleBS, they bring oat forcibly the baedo facts that 
diffiaorences in increased respiration in light do exist at varying 
tempeiatores, The zero hour bvels show that at 40^0. the 
respiration rate in light was in the neighbourhood of 10 Mg. 
COf ; and at 36^0. 11-1 Mg. OO 2 ; at 27°C. 8-6 Mg. CO* ; and at 
20-6T. only 5 « Mg. CX)*. 

It is important now to know the relative increase of the 
respiration rate in light over the respiration rate of leaves in 
darkness. The measurements of this rise in the respiration rate 
in light show that it is twice at 40*^0. while at 35*^C. it is 2*2 and 
at 27^C. it is as much as 2*6 times. While at 20*6°C. the increase 
is only about M times. We thus find that the maximum rise 
in the respiration rate in light is at 27^C. though the maximum 
intensity is at 36°C. This marked increase in both rise and 
intensity which we find within the limits of 27® and 36® decreases 
with hij^er temperatures. On the other hand, the relative 
increase is again very small at low temperatures. 

SOHEBiB OF THE REACTIONS AND THE EnBBGY INVOLVED 

We assume that in respiration, as in photosynthesis, there 
are at least two reactions: (1) the primary reaction and (2) the 
secondary reaction; the former is both thermal as also photo- 
cbemioal, while the latter is only thermal. 

For convenience let us resolve these reactions in accordance 
with the foDowing scheme: — 

A— B--C 

( 1 ) ( 2 ) 

A — B is primary €knd B — C is secondary. The rate of 
B — C will depend upon the rate of A — ^B. In dark at 20®C. 
both A — ^B cmd B— are slow and the rate of respiration is 
consequently slow. If now Ught is given A — ^B becomes 
accelerated while B — C remains slow. Thus the reaction here is 
limited by the rate of B-r-C which being thermal, the augmenta- 
tion of respiration by light does not take place at t^ temperature. 
At 27®C. the rate of reaction B — C is capable of being faster 
than at 20®C. But tlie primary reaction A — ^B is not so much 
accelerated, for this reaction is also a photochemical one and 
not only a thermal process. Therefore, here the rate of reaction 
is not controlled by B — C but by A — ^B. Therefore, when light 
is given this primary reaction increases and as B — C is already 
in excess of the limiting value due to increased temperature, 
there is an increased respiratory rate. At 35®C. due to the 
primary reaction being thermal, to a certain extent, the reacting 
moleccues are already in a greater excited state than they were 
at 27®C. But as there is a limit to the number of molecules 
which can be thus excited, the administration of light, although 
it does cause slightly greater excitation of molecules, cannot do 
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80 beyond a certain limiting value. Thus even if there is a 
higher reaction rate, the relative increase in the respiration rate 
is less at 35 °C. than at 27 °C. The same holds good for respiration 
at 40 °C. with this additional reason that at this temperature the 
time factor also becomes operative. 

In Blackman’s scheme^ the reserve carbohydrates break 
down to sugars and these then go into the activated forms with a 
higher energy content. This reaction causes activation which 
according to the scheme given above should correspond to the 
‘primary process*. In the ‘secondary reaction* which is purely 
wermal, these activated forms break down, in glycolysis, to 
substances with half the number of carbon atoms. That enzymes 
and temperature play their respective roles in these reactions is 
beyond question. 

The following scheme is suggested: — 

Hydrolyeis. 

Carbohydrates >n (Glucose). 

Primary reaction. 

2 glucose + hv ►glucose' + glucose. 

Secondary rection. 

Glucose' +En ► 2 C 8 He 03 -f* q. 

2 glucose + q ►glucose' + glucose. 

Glucose' +En ►2C3HQO3 + q. 

And so on. 


N.B. — En = Enzyme. 

q ss hv + the difference of the energy between 
C3H12O0 and C8H0O3. 


Rbpuboussions of Light Respiration on Carbon 
Assimilation 

We will now finally close this discussion with a consideration 
of the repuroussions of these results on our knowledge of carbon 
assimilation by green plants. As we all know in the study of 
carbon assimilation we first note the apparent assimiiation rate 
and then add to this, the CO2 of the respiration which gives us 
the r^ assimilation value. The CO2 of respiration is usually 
taken by noting the respiration rate, just before and after light 
and the mean of the two gives the respiration rate during the 
period of assimilation. If now the rel^iration rate defimtel^ 
increases in light and also, as has just been pointed out, this 
increase varies with temperature, the previous work done on the 
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rate of real aBsimilaticm beoomee of rather doubtfiil value. Some 
wcA has been done in this laboratory by the writer on ^e 
carbon assimilation of Eugenia jambolana leaves at vary^ 
temperatures. These results are summarized in Fig. 12 in which 



the curves of real assimilation (marked B) and the derived real 
photosynthesis values (marked A) at different temperatures are 
shown. The curve B shows a steady rise with increasing tempera- 
ture up to 30®C. : beyond this temperature the rise, however, falls 
off and the curve tends to assume a horizontal course. On the 
other hand, the curve A follows an S- shaped course indicating a 
slow rise between 20®-26® and : between these two 

extremes the curve indicates a rapid acceleration. These results 
are consonant with the view that near about 20®C. the secondary 
thermal reaction is limiting the respiratory rate and as the dark 
reaction in photosynthesis, being thermal, also remains limiting 
then the Qjq values for assimilation between 20®~25®C. will be low. 
Between 25® and 30®C., however, the increase in the respiratory 
rate is at its maximum in light. This would seem to indicate 
that between these temperatures the relative increase in assimila- 
tion or the Qio assimilation would be the highest also. This 
is actually found to be the case, for the assimilation curve 
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shows a steep rise between 26®-30°C. Beyond these tempera- 
tures the Qio for respiratory rate decreases and so also the Qio 
for assimilation. 


Conclusion 

Ladies and gentlemen, we may, therefore, conclude that 
the green leaves and the beautiful flowers that one sees, not onlv 
colour for us all the world of vegetation and with their beauty flu 
our hearts with joy; but they do something more. To quote 
Sir William Bragg they help the world to make the first step in 
the life process. The green pigment chlorophyll of the leaf, 
as we all know, is vital for building up of our food. But the 
orange yellow pigments, carotin and Xanthophyll which are 
found along with the chlorophyll of leaves and which give colour 
to many flowers, have also a certain definite role. Not only are 
they responsible for the formation of certain vitamins but they 
also serve the oxidative processes in the leaves and flowers by 
absorbing the blue-violet rays of the sun and transmitting the 
energy so absorbed to the reacting metabolites in these tissues. 

The beautiful reds, purples, blues and yellows of many 
flowers and the reds of tender young leaves are due to the 
anthooyanin pigments. These too like the hydrocarbon pigments 
absorb the radiant energy and transmit it to the relatively slow 
oxidizing metabolites to rapidly increase their oxidizing power, 
so vital to the actively dividing cells of a young leaf or to the 
developing young embryo of a flower. The respiration rates in 
these oases will then follow a course shown graphically in 
Fig. 13. 



Tifn€ 

Sohemattc ikeich of the retpiraiory graph in light and dark, 
Fzo. 13. 


Suppose the rate of the protoplasmic phase of respiration is 
x; now when light is given the respiratory rate of a greed or 
coloured tissue increases gradually to x+n; then again when 
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dwkneM is testiored there is a gradual fall till the curve assomea 
a constant levdi the. value of which is again x. This part of the 
ourve (as shown by e) is the exact r^lica of the graph obtained 
when the phuit material is brought from light to the eiqierimental 
oondithms in dark; the graduwy falling part, which we might 
say the ‘aftw efifeot’ of l^t, is comparable to the floating part 
of req>iratlon in darkness and the level part to the protoplasmic 
phase. 

The interaction of light and darkness on the activation of 
molecules and enzymes is best explained by the following scheme 
(Fig. 14). 


Permanent 



■2 

§ 


o 


Light 


INCREASED RESPIRATION 


Temporaiy 
'^(Time Factor) 


Altered St.^sugar 
equilibrium 



Deatruotion 
of enayme 



Fig. 14. 


The inorease of respiration by light is due in fact, to a large 
extent, to the activation of more of the reacting molecules in 
light than in dark at a given temperature. Although a very 
high temperature activates the molecules to a higher quantum 
state, it also destroys and renders inactive the enzymatic complex 
which attacks the activated molecules. 
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Presidential Address 

(Delivered on Jan, 6, 1941) 

SOME ASPECTS OP MAMMALIAN PLACENTA 

I thank you very much for the honour you have conferred 
on me by electing me this year as the President of the Zoology 
Section of the Indian Science Congress. I am aware of my 
limitations as a zoologist, for till very recently it was my privilege 
to teach Physiology to the students of the Medical College in 
Mysore. I confess I felt greatly embarrassed in choosing a 
topic to speak to you about. Since the last meeting of the 
Science Congress in Benares, Zoological Research in our country 
has assumed relatively vast proportions as is evidenced by the 
steady increase in the number of papers presented year after 
year before this section. 

A perusal of the learned addresses of my predecessors has 
impressed upon me the variety of subjects open for serious 
thought, but at the same time, no hard and fast rule appears 
to have been laid down as to the choice of the subject. It has 
however been usual for the President to present in his address 
an account of some piece of his own research, or to summarize 
the progress of research in his subject. My first thought was 
to devote this opportunity to outline the significance of the 
study of that fascinating group of animals, viz., Lemuroidea, 
but on consideration I decided to review on this occasion some 
aspects of the Mammalian Placentation. There have appeared 
several illuminating monographs in which the phylogeny and 
morphology of the Placenta have been admirably discussed 
and to those interested in these aspects of the subject the 
lectures of Sir William Turner ^ and Robinson * and the mono- 
graphs of Duval Strahl, Jenkinson^, Assheton®, Grosser®, 
Marshall 7, Hill® and Wislocki® would yield much informa- 
tion. The subject that has intrigued me is its nutritional 
function. It is essential to know, and indeed it is considered a 
good principle, to understand the precise meaning of the terms. 
I shall therefore attempt a brief answer, without going too 
deeply into its history, to the question * What is Placenta ? * 
Seventeenth century may be correctly described as a period 
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in which scientific enquiry became organized. Bfanrey^® was 
the first to state that the placenta was an organ which elaborated 
from the maternal blood, the food required for the devetop- 
ment and growth of the foetus. Mayow cdnsidered that the 
placenta performed the functions of a foeicd lung. John and 
William Hunter put forward the view that the maternal blood 
circulated through the placenta — a view that materially assists 
in appreciating the functions of the placenta. From the time 
of Harvey to that of Jenkinson our conception of placenta has 
undergone some little change and Jenkinson in his monograph 
on Vertebrate Embryology states that the placenta is that organ 
in which the blood vessels oi^ the embryo are brought into 
intimate anatomical and physiological relation with the spaces — 
which may be blood vessels or lacmiae of quite a different c^racter 
— ^in which maternal blood is circulating. The teaching of 
Otto Grosser, with whom most students of Mammalian Embryo- 
logy agree, is that placentation may be defined as the intimate 
junction of the mucosa of the uterus with the chorion for purposes 
of exchange of material between the mother and the offspring. 
Professor Hill has impressed on his students that the actual 
placenta is a composite structure being partly foetal and partly 
maternal. The two parts may be in simple apposition or 
intimately blended but in no case is there an admixture of foetal 
and maternal blood streams. The main functions of this struc- 
tural relationship are undoubtedly those involving the supply 
of nutritive material and elimination of waste products. More 
recently Mossman has stated that ‘the normal mammalian 
placento is an apposition or fusion of the foetal membranes to 
the uterine mucosa for physiological exchange’. Mossman’s 
definition of the term is at once brief and apt. 

I shall now proceed to consider very briefiy the morphology 
of the placenta. There are, as is well known, two types of 
placenta — ^the yolk-sac placentae and the allantoic placentae. 
The former, except in the native bear and the wombat, is usually 
of transitory functional significance. In the Eutherian Tnii.mYnfl.1a 
it is the allantoic placenta that is significant. Before the 
advent of high power microaoqpes and the microtome, the only 
method of classification was " Mie one that could be done by naked 
eye examination. Accordingly, the placenta was said to be 
diffuse, multiplex, zonary, cotyledonary or discoidal according 
tp its external appearance. This primitive classification, it is 
apparent, does not assist us clearly to understand either the 
structure or the significance of the different types, A slightly 
improved method of classifpng the organ, based on the presump- 
tion that in certain forms imre wc^ loss of maternal tissue during 
P^rturiJl^^^ was, as noted in the following table advanced by 
Webert?|ppfiey, and Strahl. 
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Weber. 

Huxley. 

StraJil. 

(a) Caducous. 

(a) Deciduate. 

(a) Placenta Vera. 

(Maternal and 



foetal parts 



shed at birth.) 



(6) Non-caducous. 

(6) Non-deciduate. 

(b) Semi placenta. 


(It must be remembered that in some instances as in 

Huxley’s contra-deciduate type, part of the placenta is 

retained in the uterus and fi^lly autolyzed.) 

Robinson’s classification of the placenta into Conjoined and 
Apposed types, advocated in his Hunti'rian Lecture, made 
no groat advance over the previous ones. Assheton^^ made 
use of the activity of trophoblast and classified the placenta 
into two types, viz.. Placenta Cumulate and Placenta plicate. 
Even this division, much as it tended to explain some features 
in placental organization, must be held to be incomplete. The 
credit of establishing a system of classification, which has general 
approval and which constitutes a distinct advance over the binary 
systems, must be assigned to Otto Grosser ^8. otto Grosser 
bases his classification on the exact relations of the maternal 
and foetal tissues. He recognized four types, characteristic 
features of which may now be summarized. 

A. Placenta epithelio-chorialis type as exemplified by 

the placenta of the pig in whic)» all maternal 
tissues are preserved, the foetal trophoblast being 
apposed to the uterine epithelium. 

B. Placenta syndesmo-chorialis. In this type the 

uterine epithelium disappears to a large extent; 
and the trophoblastic epithelium is brought into 
contact with the maternal connective tissue as 
in the sheep. 

C. Placenta endothelio-chorialis constitutes the third type 

in which, with the disappearance of the uterine 
epithelium and connective tissue, the foetal tropho- 
blast comes into contact with the maternal capil- 
laries OB the carnivores. 

D. Placenta hacmo-chorialis type in which uterine 

epithelium, connective tissue and maternal capillary 
endothelium disappear with the result the maternal 
blood circulates in the lacunae formed by the 
trophoblast and bathes the trophoblast as in 
Bodentia, Insectivora, Cheiroptera, Anthropoid 
Apes and Man. 
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(Further subdivision of these main types exist; 
but it is unnecessary to go into details for 
purposes of this discussion.) 

The histological study of the placenta of various groups 
has placed at our disposal a mass of facts which has enabled us 
to understand to some extent the functional significance of the 
relationship of the foetal and maternal tissues. T^^e main 
object of the development of the Placenta is to ensure satis- 
factory performance of those physiological functions — supply 
of food, oxygen and elimination of carbon dioxide and other 
waste products, necessary for the growth of the embryo. In 
considering this aspect of the question, it is necessary to bear 
in mind, the now universally accepted fact that the foetal blood 
is always separated from the maternal blood stream. The 
nature of this separation differs widely in the different types of 
placenta. Thus in the epithelio-chorialis type the substances 
from the maternal blood have to pass through six different 
structures before they could get into the foetal blood. First 
the endothelium of the maternal capillary, the connective tissue 
around it, the uterine epithelium, the trophoblastic epithelium, 
the connective tissue of the allanto-chorion and the endothelium 
of the foetal capillary. In the Syndesmo-chorialis type, for the 
most part, the uterine epithelium is lacking and the materials 
have to pass through the existing five layers of ceUs. In the 
endothelial type, the trophoblast, as stated already, comes into 
intimate contact \^ith the uterine capillaries and the barrier 
for the passage of substances is reduced to four layers, till at 
last in the haomo-chorial type with the disappearance of the 
walls of the maternal capillaries, the maternal blood bathes 
the trophoblast and the barrier is reduced to three layers of 
cells. In effect the thickness of the placental membrane varies 
in different animals. 

It is obvious from the foregoing, that the exchange of 
material between the mother and foetus is conditioned by a 
variety of factors peculiar to each type of placenta. In its 
passage through the Fallopian tube, the fertilized ovum depends 
on the secretion of the surrounding tissues for its nourishment ; 
and when it reaches the uterus, till it attaches itself to the uterine 
wall, and for some little time even after that, the growing 
embryo derives its nutrition from the secretion of the uterus. 
But with the establishment of the placenta, the nutrition of the 
ombryo is effected by the direct absorption of the products of 
uterine mucous membrane directly by the trophoblast ; and with 
the vascularization of the allanto-chorion, the foetal nutrition 
is by the transference of material from the maternal to the 
foetal blood. The normal requirements of the foetus comprise 
the proteins, carbohydrates, fat, water, salts and vitamins. It 
is a well*|(|^wn fact that the digestive products entering the 
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blood stream of the mother are circulating in the blood. The 
fats particularly are on a different footing, since during absorp* 
tion they are resynthesized and reach the blood through the 
medium of lymphatic vessels in an extremely fine state of division. 
Hence the mode of passage of proteins, carbohydrates and fats 
across the placental barrier differs. The proteins are transferred 
as amino-acids to the foetal blood ; and indeed a large number of 
investigators have succeeded in noting the presence of amino- 
acids in the foetal blood. It may, however, be stated that our 
knowledge concerning the exact nature of amino-acids passing 
from the maternal to the foetal blood is, as yet, in an unsatis- 
factory state and research on maternal and foetal bloods of 
animals with different types of placenta would, I have no doubt, 
yield valuable information. 

Concerning the supply of carbohydrates, it should be 
observed that the glycogen store of the mother is the chief 
source although the possibility of the conversion of other food 
material after absorption by the foetus must be borne in mind. 
The rate of absorption and utilization of carbohydrates by the 
mammalian embryo is known to some extent, but extended 
investigations on Primates other than Man would perhaps yield 
information of much value. I make this suggestion in view of 
the abundance of monkeys in India and the relative ease with 
which they may be obtained. 

Information as regards the transport of fat from the maternal 
to foetal blood stream is far from satisfactory. In recent times 
our ideas as regards the mode of transport of fat have changed 
to some extent. The explanation that the leucocytes of the 
maternal placental part, loaded with fat, migrate into the foetal 
part to supply the necessary fat has been reinforced. It is 
now held, as a result of the investigations of Sinclair, 
McConnel and Sinclair on the placenta of the rat, of Bickenbach 
and Rupp on that of the rabbit, and that of Boyd 
and Wilson on the human placenta, that the fats may either 
pass directly across the placental barrier to the foetal blood, 
thence to the foetus by way of the umbilical veins, or that the 
maternal placenta may act as a secreting organ, taking up the 
fat from the maternal blood stream, and passing it on to 
the foetal blood with or without modification. Although one or 
the other of the views just now mentioned may represent actual 
state of affairs, it should be borne in mind that the enzymatic 
activity of the trophoblastic cells may also play an important 
part in the transfer of this material. Further, it has been 
observed that the fat content of the placenta decreases wi^h age 
and an answer to the question whether the placenta acts as 
judicious regulator of fat supply to the growing embryo would 
assist in evaluating the function of the placenta. Here again 
is a problem which promises fruitful results. 
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Oar knowledge of the nature of placental enzsrmes is meagre^ 
and a well^planned study of the subject appem to me ta be 
urgent and important.. In view of the conflicting opinio^ that 
have been expressed as regards 6 nz 3 nne 8 in the plaoente, it is 
advisable to select for study^ as Needham suggests^ a plaoenta 
type which is readily separable into maternal and foet^ parts^ 
and to follow carefully the activity of any single enzyme through** 
out pregnancy. 

The supply of vitamins to the growing embryo constitutes 
a very important fis^tor in its normal development and attention 
may be drawn to lack of reliable information about the rdle of 
vitamins other than that of ' E 

Except for the noteworthy obntributions of Penger on the 
plaoenta of the cow, not much is known about the mineral 
metabolism in the mammalian placenta. 

I now proceed to consider the placenta as an organ of foetal 
resp^tion. The supply of oxygen to the fertilized ovum and 
elimination of carbon-dioxide may be said to be effected, till 
implantation, by the blood circulating in the Fallopian tube and 
uterus. It is only after vascularization of the allanto-chorion 
that the placenta begins to function as an organ of foetal res- 
piration. It has been observed that the passages of two gases 
in opposite directions is determined by a variety of circumstances 
depen^g upon the nature of the placental structure. In any 
case, in normal development, respiration like nutrition is un- 
doubtedly efficient in the species concerned. The problem 
whether the nature of blood, more particularly the nature of its 
haemoglobin, has any influence on respiratory activity needs 
consideration. It is universally known that haemoglobin has the 
power of carrying oxygen, as also carbon-dioxide in an easily dis- 
sociable state. Although in the normal gravid animal foetal 
respiration is efficiently carried out, both the quantity of oxygen 
ne^ed and the rate of exchange of gases differ in different 
groups of animals. The recent researches of Barcroft and his 
collaborators have demonstrated that the foetal haemoglobin 
differs from that of the mother in the few animals that have 
been studied. Before any answer can be suggested to the 
question whether the structure of the plaoenta is in any way 
affected by the nature of the foetal hc^moglobin, much more 
exhaustive enquiry with reference to a wide range of mammals 
is needed. It is, however, interesting to observe, in this connec- 
tion, that the^ studies of Boor and Hektoen indicate that the 
carbon monoxide haemoglobin from different mammals is species 
s^oifio. Further, it has been observed that there are noticeable 
differences m the property of the blood of different animals 
and such diffsrences may be due to specific differences — both 
quahtative and quantitative in their haemoglobins. Thus it 
may be ass^ed that respiratory flinctions of the plaoenta are 
varied in different species of mammals. It may perhaps not 
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be illogical to assume that the metabolic needs' of the developing 
embryo in difEerent species of mammals vary and the oxygen 
requirements accordingly differ. Hence it is reasonable to state 
that the placental barrier, in each species, for the passage of 
oxygen and carbon-dioxide develops so as to meet the demands 
of the growing embryo. It has been noted above that in Grosser's 
classification of the placenta, the thickness of the placental 
membrane and the cellular constituents thereof differ. The 
membrane permits the passage of both the nutritive materials 
and respiratory gases. This phenomenon can only be attributed 
to the few special qualities of the living membrane, conditioned 
by the chemico-physical characteristics of both the maternal 
and foetal blood streams. The problem that waits satisfactory 
solution appears to me to be the physico-chemical properties 
of the placental barrier in different groups of animals with 
reference to the rate and intensity of exchange of materials. 

Many zoologists (Hill, Grosser, etc.) whose inclination has 
been to study the structure of the placenta have maintained 
that the epithelio-chorialis type is primitive and that the haemo- 
chorialis type is very highly specialized. There are others 
(Wislocki, Mossman and others) who have strongly supported 
the view that the haemo-chorial type is the primitive organ and 
that all other types are secondarily derived. Convincing argu- 
ments may be adduced in favour of either view, but an unbiassed 
analysis of available data tends to support the former view. 
It is, however, not my object to discuss the phylogeny of the 
placenta but consider it only as an organ of foetal nutrition. 
It may not be unreasonable to assume that the urgency of the 
metabolic needs of the growing embryo determines the structure 
of the organ of foetal nutrition. The adequa< y of foetal nutrition 
may be said to determine the normal development of the foetus. 
The metabolism of the pregnant mother who has to supply the 
energy needs of the additional living protoplasmic tissue as 
represented by the growing embryo, becomes affected. It 
is no doubt true that a vast amount of information regarding 
nutritional requirements of the pregnant mother is available; 
yet it can by no means be stated to be complete. This subject 
opens up a fruitful field for future research. I hope I shall 
not be considered a trespasser if I wore to entertain the hope 
that in the newly established ante-natal clinics in Indian Mater- 
nity Hospitals, the subject of nutrition of the pregnant mother 
wiU form the subject of serious research. 

The studies of Physiologists, Biochemists and specialist 
medical men have tended to prove that efficient nutrition 
exercises an enormous infiuence on the general welfare of the 
animal and indirectly on the qualjty of the germ cells which 
are formed afresh throughout the greater part of life. Thus 
it may be inferred that the characteristics of the progeny would 
perhaps in the long run be improved. It has now become the 
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ooncem of Progressive Governments to enquire into the nutri- 
tional needs of live-stock and mcm. With this end in view 
Nutritional Besearch Laboratories have been established. Work 
of national importance has been turned out in these laboratories 
and it may be hoped that attention would also be directed to a 
study of foetal nutrition. 

Even a rapid glance through the Records of the Indian 
Museum, Journal of the BonAay Natural History^ Journal of the 
Soydl Asiatic Society of Bengal, and the publications of learned 
bodUes such as the National Institute of Sciences, National 
Academy of Sciences and the Indian Academy of Science, and the 
journals published by som^ of the Indian Universities convinces 
one that a vast amount of original work in Zoology has been done 
in India but equally impressive is the fact that the work is 
mostly morphological in its widest sense. Morphological studies, 
however essential and useful, it seems to me, must be made more 
dynamic. Zoologists have already rendered great service by 
their study of the microscopic anatomy of the placenta and by 
their interpretation about the functions of the structural units. 
Thanks largely to the recent researches of physiologists and bio- 
chemists, much useful information regarding foetal nutrition is 
available. There are, as the literature on the subject reveals, 
many aspects of the problem, and some of which I have already 
referred to, about which our knowledge is incomplete and our 
ignorance immense. Here in India as in the other more advanced 
western countries, adoption by zoologists of experimental 
methods in their investigation, I feel coifedent, would result in 
more valuable contributions. 

In conclusion, I venture to plead for a co-operative effort by 
the zooloi^ts, physiologists, specialist medical men and bio- 
chemists hi a well-planned study of foetal nutrition. 
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Inteoductoey 

My foremost duty is to express to all of you my deep 
appreciation of the great honour you have done me in electiog 
me to preside over the sessions of the Entomology Section. I 
regret, however, to say that I feel conscious that I have not been 
able, on account of various unfortunate circumstances, to do full 
justice to my duties in this respect. 

Having been engaged during the last ten years of my life 
in work connected with locust investigations, it should not be 
altogether surprising to you to find that 1 have succumbed to 
the temptation of speaking to you today on the subject of locusts 
in India, the more so because locust swarms have reappeared 
this autumn after an absence of over eight years, and I trust that 
you would kindly bear with me if you l^d it rather uninteresting. 

Locusts have been of perennial interest to man from tiz^ 
immemorial, especially in tropical and sub-tropical climates. 
To the primitive man, the sudden appearance of hordes of these 
creatures in huge clouds hiding the face of the earth from the 
sun and filling the air with a mysterious rustle, should have often 
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proved a source of fright. One might imagine him looking 
helplessly on their descent on the vegetation roundabout and 
their destruction perhaps of his small patch of giain, though 
he might be expect to indemnify himself by collecting handfulB 
of them for his own consumption. 

In Biblical times (circa 1600 B.O.), they are reputed to have 
functioned as one of the plagues of Egypt, and since there are 
references in Sanskrit literature of the early centuries of the 
CSiristian era to locusts as one of the great menaces of the 
cultivator, there is little to doubt that locust invasions had 
formed as much a feature of life in the olden days as they do 
at the present time. 

In Europe, information regarding the occurrence of past 
locust infestations collected from various records and chronicles 
dates back to the 16th century, but in India, where historical 
records are generally lacking, there are no reliable data regarding 
locusts except for casual references to their depredations in 
conjunction with famines, till the beginning of the nineteenth 
century. Cotes (1891) in his admirable report of the locust 
invasion of 1889-1890 in northern India has collected together 
most of the available information from the beginning of the 
19th century, and from data drawn from these and other sources, 
outbreaks of the desert locust would appear to have occurred in 
India in the years 1803, 1810-12, 1821, 1834, 1846 and 1860-66. 
It was, however, from the year 1869 that fairly detailed informa- 
tion regarding infestations is available, and locust swarms are 
known to have prevailed in the following periods: — 1869-1872, 
1876-1881, 1889-1898, 1901-1907, 1912-1919 and 1926-1931. 

The depredation caused by locusts during the last cycle of 
infestation is possibly still green in the memory of the agricul- 
turists of North India, and it was at its worst during the years 
1929 and 1930, when the swarms spread almost all over the 
coimtry. The situation created by the extensive damage done 
by hopper bands and flier swarms in the summer-autumn months 
of 1929 was so acute that resolutions were passed at meetings 
held in December 1929 of 'the Advisory Board of the Imperial 
Coxuicil of Agricultural Research and the Board of Agriculture 
in India recommending to the Government of India that instant 
steps might be taken, inter alia, towards the formation of a central 
locust bureau for collecting and disseminating intelligence on 
locust movements and the institution of a comprehensive scheme 
of locust research for the investigation of the best methods of 
control, for working out the bionomics of the locust and for 
surveying the desert areas in search of the permanent breeding 
grounds of the locust within Indian limits. Ultimately, fundS 
were sanctioned by the General Body of the Imperial Council of 
Agricultmal Research for these purposes, and an elaborate 
scheme of locust research was set on foot in December 1930 
which continued to operate till Slst March 1939. 
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An bvbntful Dbcade of Locust Bbsxaboh 

The last cycle of locust infestation affected not only TnHiA. 
and the neighbouring countries of Baluchistan, Iran, Afghanistan 
and east Arabia, but also all parts of northern and central 
Africa and south-western Asia and led to various schemes of 
investigation being undertaken by their respective Administra- 
tions, particularly by the British and French Grovernments* 
The African area was attacked not only by the Desert Locust, 
but by two other locusts also, viz. the Tropical Migratory 
Locust (Locusta migratoria migmtoriodes R. & F.) and the Red 
Locust (N orruidacris septemfasciaia Serv.), besides which South 
Africa was also affected by the Brown Locust (Locustana parda- 
Una Wlk.), which is fortunately peculiar to it. 

The locust investigations carried out in the African areas 
have led to fairly remarkable results. In the case of the Tropical 
Migratory Locust, which spread over the greater part of the 
African Continent, covering altogether a huge expanse of over 
10 million square miles, within a period of ton years, it was 
determined that the outbreak had originated in 1926-27 from a 
comparatively small area in the region of the Niger Bend in 
French Sudan, and, doubtless, the whole infestation might have 
been nipped in the bud, if the original outbreak centre had 
been controlled in time. Even in the case of the Red Locust, 
which has been active in Central and South Africa during the 
last ten years, the outbreak centres have been found to be con- 
fined to certain restricted areas, which it should be possible to 
keep under surveillance in order to prevent future outbreaks. 

So far as the Desert Locust is concerned, the outbreak 
centres have been found to be situated partly along the coastal 
areas of Africa, Arabia and Baluchistan and partly in the interior, 
as in Rajputana and Sudan. Further investigations are 
apparently necessary to definitely delimit the extent of the 
outbreak areas, especially in western Africa and Arabia, before 
they can be proi)erly supervised. 

As flying swarms are often capable of covering long distances 
and as evidently they do not respect international boundaries, 
it was found essential to arrange for a system of rapid exchange 
of reliable information in regard to the movements of swarms, 
between adjacent countries. It was also felt that an exchange 
of notes between affected countries on their experience in regard 
to various aspects of locust research and locust control, would be 
of mutual advantage. With this end in view, the first Inter- 
national Locust Conference was held at Rome under the auspices 
of the Italian Government in October 1931, in which various 
countries including Italy, Great Britain, [loanee and Egypt 
participated. The secoi^ International Locust Conference was 
held at Paris in July 1932, the third, in which I had the honour 
to participate as a delegate from India, at London in September 
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1934, the fourth, in which Khan Bahadur M. Afzal Husain 
re^HTesented India; in April 1936, and the fifth at Brussels in 
August 1938. In the last two conferences over twenty 
governments were represented including the United States, 
Canada, Argentina and other countries of the New World. 

In the course of the deliberations of these conferences, 
various aspects of locust research were thoroughly discussed. 
Results presented by workers in different countries were examined 
and a concerted scheme of locust research was formulated, which 
was incorporated in a series of resolutions. The latter were 
oiroulated to the governments concerned for favour of acceptance 
and for taking such action as might be considered possible. 
Besides providing opportunities for formal discussions, these 
conferences made it possible for workers to get into informal 
touch with one another and exchange mutual experiences. 

Among some of the important results of the last conference 
at Brussels were resolutions recommending the setting up of 
international organizations for the preventive control of locust 
outbreak centres in Africa and western Asia in respect of the 
important locusts of the Old World. So far as India is concerned, 
the creation of the Locust Warning Organization by the 
Government of India might be expected to serve the purpose of 
watching developments in the outbreak areas, but it is doubtful 
if it would serve any useful purpose unless it is also equipped for 
dealing with outbreaks as they arise. Moreover, it is not known 
if the authorities in Iran have consented to co-operate with the 
Indian organization in dealing with outbreak centres in the 
Iran area. Since swarms have recently reappeared in India 
and we are probably on the threshold of a new locust cycle, the 
matter is in need of further attention. 

Ou the whole, a great deal of new ground has been broken 
during the last decade. The studies carried out on various 
species of locusts in the countries affected have greatly enriched 
our knowledge of the habits and bionomics of locusts in general, 
as well as of the ways in which they react to their environment. 
A large volume of evidence has accumulated on the subject of 
phase transformation in nature, and much clarification hs^ been 
obtained in regard to the manner in which initial outbreaks are 
brought into being, as a result of intensive ecological studies of the 
natural haunts of locusts. Detailed studies of the movements of 
swarms since 1926 by the International Locust Centre at London 
have shown clearly how infestations have been developing .from 
year to year in the affected areas, and have also elucidated the 
general laws by which swarm movements are governed. A 
great deal of progress has also been achieved in the correlation 
of swarm movements with meteorological data. Much ^i^t 
has been thrown on the life-habits and activities of the 
phase of various locuaM^ lind the recognition of the ability of 
the solitaries to makoJ||^distance migrations, similar to those 
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of swarms, maj^ be said to maik a milestone in the progress of 
locust research. 


Some of the Important Locusts of the World 

In the broadest sense of the word, a ‘locust* is a grasshopper 
that is capable of appearing in large swarms and causing damage 
to crops. While there is little difference in general appearance 
and structure, the grasshopper lives a solitary life scattered in 
small numbers all over the area, w^hereas the hcust tends to con- 
gregate together both in the younger stages as hopper bands and 
in the adidt condition as dying swarms. 

There are several si)ecies of locusts in the world, which are 
not only restricted in their distribution being confined to 
particular countries and to particular tyjXKS of habitats, but also 
vastly differ from one another in their habits. 

In the Old World, the most widely distributed species is the 
Migratory lA>oMBt{Locu8ta mi^ra^ortaL.) which is itself sub-divided 
into distinct races : — (1) the European Locust — Jjocusta migratoria 
var. rossica, Uv. ct Zol., adapted to a cold environment and found 
mostly in Europe and Siberia, (2) the Tropical Migratory 
Locust — L. m. migratorioides R. & F., found in most parts of 
tropical Africa, (3) the Malagasy Locust — L. m. mpito^ confined 
to the island of Madagascar, (4) the Chinese or Philippine 
Locust — L.m. manilensiSf found in the Philippines and eastern 
Asia, and probably (5) the Indian Migratory Locust — ^usually 
found only in the solitary phase, which may possibly prove to be 
a different race. 

Perhaps the best known is the locust uf the Bible, the 
Desert Locust — Schistocerca gregaria Forsk., found in the desert 
or semi-desert regions of north Africa, south-west Asia and 
India. Other important locusts are : (1) the Red Locust of 
Central Africa — Nomadacris septemfasciata Serv., (2) the Brown 
Locust of South Africa — Locustana pardalina \^k., (3) the 
Bombay Locust — Patanga succincta L., found in the Indian 
Peninsula and Malaya, (4) the Moroccan Locust — Dociostaurus 
rrya/roccanus Thnbg., found in the hilly areas of north Africa, 
southern Europe and western and centr^ Asia, and (6) the Italian 
Locust — CqUiptamus italicus L., common in Europe and western 
Asia. 

Besides these there are various species of grasshoppers in 
southern Russia and Siberia, which at times multiply and 
assume serious proportions. 

In Australia, Locusta migratoria occurs sometimes in pest 
condition, but the really serious BX>eoies are two indigenous 
grasshoppers — Chortoicetes terminifera Wlk., and Anstroicetes 
cruciata Sauss., which swarm regularly once in two or three 
years in particular parts of that continent. 
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In the New World, the most prominent species is the South 
American Locust — Schistocerca paranensis Burm., whose dis- 
tribution ranges from the Argentine in the south to Mexico in 
the north. It is found in varying numbers from year to year and 
is most destructive in Argentina. In North America, various 
species of Melanoplus have been found to appear in destructive 
numbers in the United States and Canada. 

These locusts differ from one another not only in their 
general habits but also in the manner of their adjustment to 
their environment, some of them being evidently more advanced 
in their evolution as locusts than others. 

Some species have only ohe generation in the year, as for 
example, the Bombay Locust, the Bed Locust of Africa and the 
South American Locust, but they pass the greater part of the 
year in the adult stage, whereas other locusts — ^whioh also have a 
single annual generation — ^lead only a comparatively short life 
as adults, but lay eggs which lie quiescent in the soil throughout 
the autumn and winter, e.g. the Russian Migratory Locust, the 
Moroccan and the Italian Locusts, and the Australian Austroicetes 
cruciata. 

The Desert Locust, on the other hand, is one that has 
normally two or more broods in the year, as also Chortoicetes 
terminifera of Australia and Locusta migratoria migratorioides 
of Africa. 

The Bombay Locust is a species in which gregarious habits 
are manifested only in the adult stage, the hoppers being found 
distributed as scattered individuals among grass or crops. They 
have never been observed to form into l^nds. On the other 
hand, in other locusts, gregarious habits are generally observable 
both in the hopper and adult stages. 

It is those species which possess the ability to pass through 
two or more generations in rapid succession during the same 
year that are most dangerous from the point of view of swarming. 
Given favourable conditions, such locusts are able to multiply 
very quickly in numbers, and when facilities for forming con- 
centrations are also present, they attain the stage of incipient 
swarming extremely rapidly. The Desert Locust, the Tropical 
Migratory Locust, the Brown Locust and Chortoicetes terminifera 
belong to this category and all of them are capable of reaching 
the stage of mass-multiplication very quickly. 

On the contrary, locusts having only a single generation in 
the year can increase numerically and maintain their numbers, 
only in the event of a succession of two or more good breeding 
seasons, and if a good watoh is kept oii their progressive develop- 
ment year by year, it i!^ould be possible to prognosticate the 
possibility of mass-multiplication early enough to enable the 
necessary precautionary measures being taken in time for their 
control. 
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Pbbiodicity of Locust Outbreaks 

The destruction caused by locusts while an attack is in 
progress is, speaking generally, too well known to need any 
special description. Since, however, India has been, till quite 
recently, free from attack for nearly a decade, it is possibly 
difficult to appreciate its seriousness. 

In years of good rainfall, large areas of land are sown and 
by autumn the heart of the cultivator is glad at the sight of fine 
crops promising a bountiful harvest. All at once, however, 
dark clouds appear and millions of locusts settle on his fields, 
and in the space of a night, the look of the area is changed. 
Where there had been smiling crops and green pastiues only bare 
stalks and a huge litter of dung are seen, and the locusts are 
gone in search of fresh fields for destruction. At other times, 
the swarms do not care to feed; but what is infinitely worse, 
they lay millions of eggs in the field before they disappear, which 
would mean that in about a fortnight myriads of hoppers would 
emerge and marching from field to field carry wholesale destruc- 
tion to the countryside. 

When a locust outbreak begins, it may continue for a series 
of 3 to 5 years on the average, at the end of which the numbers 
of locusts would gradually diminish until the outbreak ultimately 
dies' out. In certain species of locusts, however, the swarms 
never completely disappear, though there may be a perceptible 
diminution in numbers over an interval varying from 2 to 4 
years, after which a gradual or sometimes a sudden rise may 
occur. Such a fluctuation in numbers may be due to various 
causes, but is most commonly due to variations in weather 
conditions in successive years. 

In the case of a great many locusts, especially in regard to 
the African ones, little information is on record in regard to their 
occurrence in the past beyond the last 50 years. In Europe, on 
the other hand, data are available to indicate that the European 
Migratory Locust had been invading Central and Western Europe 
from the south or the south-east since the 15th century at fairly 
regular intervals. In Russia, where the fluctuations in the 
numbers of the locust have been closely studied, the general 
conclusion would appear to be that the main factor in the 
periodic increase in numbers is the occurrence of a succession of 
dry years. 

Uichanco (1936) has collected a mass of data for the Eastern 
Migratory Locust in the Philippines dating from the 16th 
century, from which it is clear that the species has been occurring 
in destructive numbers at fairly regular intervals all over the 
Philippine region. But it is also seen that in the endemic areas 
situated in the southern parts, the swarms never disappear 
completely, and that the periods of mass^multiplication are 
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generally to be correlated with a succession of comparatively 
dry years. 

In South America, the swarms of the Locust {Schistocerca 
paranensis) never completely cease to exist in the Argentine, 
but are subject to much fluctuation in numbers, a series of years 
of high multiplication being generally found to alternate with 
periods of comparatively small numbers of swarms. 

In India, three species of locusts are present: — (1) the 
Migratory Locust, (2) the Bombay Locust, and (3) the Desert 
Locust. Of these, the Migratory Locust is generally found in 
its solitary phase all over India. There are in^cations, however, 
that it can occasionally assume gregarious habits and become a 
destructive pest. Cotes (1891 — ^Indian Museum Notes) mentions 
about 'the Madras Locust Invasion of 1878’ in a note on locusts, 
but is not deflnite about the species concerned. From an 
examination of the printed records in the files of the Development 
Department of the Madras Grovemment, kindly lent to me for 
perusal, I have found clear proof that the locust concerned was 
the Migratory Locust. It would appear to have multiplied during 
the heavy rains of 1877 that followed the great South Indian 
drought of 1876, and to have spread from January 1878 onwards 
from the Tinnevelly District in the south gradually north and 
north-east as far as the Nellore District by the end of the year, 
after which it gradually died out. In 1937, again, a fairly heavy 
multiplication of this insect occurred in the Baluchistan, 
Rajputana, and ICathiawar areas of north-west India, but 
sulfided by the end of the year. It is, therefore, necessary to 
keep this locust under observation in view of its potentialities 
for rapid multiplication under favourable conditions. 

•nie Bombay Locust is endemic in the region of the Western 
Ghats and usually visits the neighbouring districts of the Bombay 
Presidency. In years of multiplication, its swarms invade 
Kathiawar, Central India, Central Provinces, Hyderabad, parts 
of Madras, and sometimes as far as the United Provinces, Bihar 
and Bengal. It is also known to be present in the Laccadive 
Islands. Buchanan (1807) has recorded the flight of a swarm in 
Mysore in the ye^ 1800, and during the last century, swarms are 
known to have b^n present in 183^1845, 1864-1866, 1878-1884, 
and 1901-1908. It is thus seen that it has been active only 
during comparatively short periods during the last century, but 
small swarms are known to have been seen also in certain years 
during the intervening periods. Since 1910 till the present 
time, however, no serious outbreak has occurred, and in the 
present imperfect state of our knowledge of its ecology and 
bionomics, it is difficult to account for its present quiescent 
condition. 

The locust par excellence of India, whether judged by the 
frequency of its visitations or by the extent of its attacks, is the 
Desert Locust though it is the northern parts of India that are 
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mostly subject to its ravaged. It is usually found in the desert 
regions of north-west India, but in years of mass-multiplication 
may mvade many other parts of India, up to Assam in the east, 
and right up to the northern districts of li^dras in the south. As 
this species has been the subject of special investigations in India 
since December 1930, much information has been gathered in 
regard to its prevalence in India in the past since the beginning 
of the last century, from which it is possible to make some 
observations on its periodicity. 

Periodicity of the Desert Locust in India 

Data on the occurrence of locusts in India up to 1870 have 
been gathered from Cotes* Report on the North-west Locust 
and from various provincial gazetteers and are decidedly scrappy, 
but from about the year 1870, when season and crop reports 
began to be published in various provinces, definite information 
as to the occurrence of swarms is obtainable. 

Period 1800 to 1860 


Cycle. 

Year of 
ooourrenoe. 

Provinces affected. 

I Cycle 

1803 

Infestation in Cutch. 

II Cycle 

1810-1813 

Swarms in Kathiawar, Raj- 
putana and Bengal. 

III Cycle 

1821 

Swarm breeding at Etawah 
in U.P. 


1826 

Locusts in Kathiawar. 

IV Cycle 

1833-34 

Swarms in Kathiawar, Cutch 
and Rewa Kant ha. 

V Cycle 

1843 

Breeding in Rawalpindi. 

1845 

Swarms in Panchmahals. 


No information about locusts in India between 1845 and 
1860, but locust swarms are known to have prevailed in 1855 
in Egypt. 

From the table on page 10 it is seen that there have been 
roughly about seven locust cycles, lasting 5 to 9 years each, 
from the year 1860. When locusts appear, they are seen at the 
same time in many parts of India, eitW breeding or migrating, 
the extent of spread being considerably greater in years of hi^ 














Years of infestation in India. Years of inf^itation outside India. 
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miiltiplioation than in those in which only light breeding has 
occurred. On the other hand, during the intervals between 
locust cycles, few locusts are noticeable anywhere in India. 
The swarm-free intervals appear to have been usually short, 
but in three cases, namely, 1882-1888, 1920-1925 and the last 
one 1932-1939, they have been fairly long. 

During the continuance of an outbreak, the activities of 
locusts are easily noted and reported, as they always move 
about in the form of large swarms. On the other hand, during 
the swarm-free periods, the presence of locusts cannot be easily 
detected, as they exist then, if at all, only in the form of 
individuals. All past records have reference, therefore, only to 
swarms noticed during years of locust incidence, and the informa- 
tion regarding swarm-free intervals is mostly an absolute blank. 

During the recent swarm-free period — 1932-1939 — investiga- 
tions were in progress under the scheme of locust research 
financed by the Imx)erial Council of Agricultural Research, in 
the course of which particular attention was i>aid to a study of 
the habits, ecology and distribution of the non-gregarious locusts 
found in the desert areas in greater or smaller numbers. Close 
observations made during this period have shown that, far from 
disappearing from the Indian area, the desert locust has been 
existing in the desert areas of Sind, Baluchistan and Rajputana, 
distributed among the scanty vegetation as scattered individuals 
mostly in the solitary phase. Continued watch on its movements 
and activities in all parts of its habitat has shown that it reacts 
to changes in the environment exactly in the same way as the 
gregaria phase locust. Its breeding is similarly dependent on 
favourable rainfall, and it migrates over long distances at the 
change of the seasons from one rainbelt to another, and goes 
through at least two generations in a year, one in winter-rain 
areas and the other in summer-rain areas. The main difference 
would appear to lie in the crowded life lived by the gregaria 
locust and in the high intensification of its activities under the 
influence of mass psychology. In the present state of our know- 
ledge, the change in status of an apparently innocuous, obscure 
and sparsely distributed resident of the desert into a highly 
dread^ pest capable of appearing in vast hordes and dealing 
whole-sale destruction to crops, would appear to bo due mostly 
to its reaction to a complex of meteorological factors favouring 
its breeding under crowded conditions. 

Another fact of great significance is the circumstance that, 
whenever the desert locust assumes pest conditions, its swarms 
appear not only in the Indian area, but generally also in other 
regions subject to its incidence. During the last cycle, its 
swarms were active not only in India, but also over Iran, Iraq, 
Arabia, Egypt, Palestine, .Mgeria, Morocco, Sudan, and IVench 
West Africa. A more or less similar occurrence w'as observed 
during the earlier cycles: 1912-1919, 19(K)-1907, 1889-1898, 
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187ft-1881 and 1869-'1873. This possibly indicates the existence 
of certain common factors in this vast area, which conduce to the 
appearance of swarms almost simultaneously all over this area. 
In all possibility, this may be attributed to a general similarity 
of physical conditions met with over most of the region subject 
to its incidence, partly owing to the fact that it is part of a great 
semi-arid zone extending from the west coast of Africa to Central 
Asia, and partly because each of the three zones of locust habitat 
of this great area is composed in part of a belt coming under 
the influence of winter depressions and in part of another falling 
under the regime of the summer monsoons. 

\ 

The Qenebal Coubsb of a Locust Cycle in India 

A fair amount of information is on record regarding the 
duration of the different outbreaks, the damage caused and the 
extent covered by the invasions since 1869, but it is only during 
the last cycle (1926-31), and especially during the years 1929 to 
1931, that fairly detailed data have been available for 
examination. As a result, it has been possible to make a fairly 
close study of the various factors that were operative (1) in 
bringing this outbreak into being, (2) in contributing to its 
progress during the different seasons from year to year, and (3) 
in bringing about its eventual breakdown. The results of this< 
study have, moreover, served to give a clue to the correct inter- 
pretation of the incomplete data available for the earlier 
visitations. 

At the time of the last locust outbreak, there was no definite 
information available as to where the locust swarms came from, 
what direction they generally pursued, or what ultimately 
happened to them. The view commonly held was that most of 
the swarms were derived from a western source beyond the 
limits of India and that they generally pursued an eastward 
direction in the Indian area, where they ^timately died down 
after a few seasons of breeding. 

A close study of the data of swarm movements gathered 
during the last visitation has served to give us a fair idea of 
the general activities, of swarms in the course of a locust cycle. 
The general sequence of events during a year of locust swarm 
activity may be roughly classified under (1) over-wintering, (2) 
spring breeding, and (3) summer breeding. 

Over-wintering: During the winter months, swarms are 
usually inactive and the locusts generally pass the cold weather 
scattered among the vegetation. When, however, any warm 
spells occur during winter, the swarms may make short migration 
flights from place to place. « 

Usually very few looUit iWarms remain in the desert areas 
of Rajputana, though in years of heavy or late breeding, some 
over-wintering njay occur. The usual areas of over-wintering 
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are situated in ^uthern Mekran and Lasbela, and in parts of 
Sind and Kaohhi, and sometimes in southern j^njab. 

Spnng Breeding : With the reappearance of warm weather, 
swarms become active once again. If good rainfall occurs in 
January, locusts attain sexual maturity early, and may begin 
to lay eggs in the areas of over- wintering in February. In any 
case, swarms begin to migrate north up the hiU-valleys as the 
season warms up, and may lay eggs wherever conditions are 
favourable during March and April. 

In the Baluchistan area, swarms migrating north and 
north-east from the coastal plains of British and Iranian Mekran 
reach Kharan and Chagai in March- April, and, by May, they 
may enter Shorawak and Kandahar in Afghanistan and ^rawan 
and Quetta-Pishin in the uplands of Baluchistan. Ultimately, 
the swarms may reach the Kurram and Dera Ismail Khan areas 
of the N.W. Frontier Province by the end of May or early Juno. 
Similarly locusts, over-wintered in Kachhi and north Sind may 
work their way in spring up the hill-valleys of Mula, Bolan, Nari 
and Harnai, to reach the upland districts of Sarawan, Quetta- 
Pishin and Loralai districts by April-May. In the Punjab, 
swarms migrate in spring from district to district and may lay 
eggs wherever the situation is favourable. 

The adults of the spring brood are ready for flying from the 
southern areas of breeding by April, and from areas further 
north by May or June. As by May and June, the interior of 
Baluchistan and southern Iran becomes an area of severe summer 
drought, the adults of the new generation begin to leave the areas 
where they bred, and are gr^ually carried by the prevailing 
winds eastwards into the Punjab, Sind and Bajputana, which 
they reach during June- July in successive waves of migration. 

The new generation produced in the breeding areas in the 
Punjab and western United Provinces also migrate in May-June, 
the prevailing west wind carrying them eastwards into Central 
India, Bihar and Bengal. 

Summer Breeding : By the middle or end of June, the 
monsoon current begins to enter north-west India, and the 
prevalent winds on the Indo-Gangetic plains become easterly, 
so that gradually all the swarms reaching eastern India are 
gradually found shifting westwards into western United 
Provinces, the Punjab and Rajputana by July. With the fall 
of good rains, the swarms begin to deposit their eggs in these 
areas. If good rainfall should occur in August and September, 
these swarms may lay a second and even a third batch of eggs. 
Moreover, the first adults of the monsoon brood usually are ready 
to fly by the middle of August, and these locusts are also generally 
able to lay eggs by September-Ootbber in* the event of good 
rainfall, from which the adults of the second generation would 
emerge by the end of October or early in November. 
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The monsoon usually withdraws from the pkins of north- 
west India by the middle of September, following which the 
desert areas of Bajputana, and to a less degree the surrounding 
areas of Sind and Rmjab, temporarily develop into areas of 
drought combined with high day-temperatures. Apparently, 
these conditions are disliked by locust swarms, which show a 
tendency to leave the Bajputana areas at this time. In 
Septemter and the early part of October, south-west wirJls 
still prevail in the desert and may carry the swarms north or 
north-east into the Punjab and United Provinces, whence the 
general trend is towards south-east. By the middle of October, 
north-east winds begin to prevail in Bajputana and may carry 
the swarms southwards into Kathiawar and Cutch or westwards 
into Sind, Baluchistan or south-western Punjab. 

It has been found that swarms flying eastwards into the 
United Provinces, Bihar, Bengal and Assam, and southwards 
into Kathiawar, Bombay, and Central Provinces, in the autumn 
and winter months are not able to reach areas, where spring 
breeding is possible. Usually, most of these swarms die out 
ultimately. On the other hand, swarms migrating westwards 
into Sind and Punjab eventually move on into Baluchistan and 
Iran, where they begin to breed with the fall of winter rains. 

Cavses of Breakdowns: From the above facts, it is evident 
that in the Indo-Iranian region of locust outbreaks, the possibility 
of infestation being carri^ to the following year is dependent 
mostly on the extent to which swarms produced in the eastern 
areas in summer are able to reach the winter-rain zone. In 
1928 and 1930, for instance, the westward migration of swarms 
in autumn was negligible, and very little of over-wintering was 
noted in the areas of southern Mekran and Iran in the winter 
of 1928-29 and 1930-31. The observations made by 
Predteohensky (1935) in the Persian area indicate that the 
comparatively small number of swarms that recwhed the Indian 
and the Persian areas in the spring of 1929 and 1931 were largely 
derived from extra-Indian sources — ^mostly from the direction of 
Oman in east Arabia. If this contingent had not arrived it is 
possible that a breakdown might have occurred in 1929 and 
1931. 

Another very important cause of the breakdown of the 
infestation is a failure of, or at least a serious defect in, the 
seasonal rainfaU, sometimes in areas of winter precipitation and 
sometimes in those of summer rainfall, leading to a considerable 
decrease in the numbers of locusts. When a failure of breeding 
occurs both in winter and in summer, the locust cycle would 
naturally come to a sudden close. 

On the other hand, favourable rainfall would result in a 
conspicuous increase in the' numbers of locusts. In the monsoon 
areas, fairly well-distributed rainfall during the months of July, 
August and September, will lead to prolonj^ breeding, includu^ 
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tho pfoduotion of a fairly large second generation, so as to luring 
about a high multij^oation of locusts and a widespread dispersal 
of swarms in the different piurts of India. A similar breeding 
followed by high multiplication would also result if there should 
be well-distributed rainfall in the winter-rain areas. 

History of the cycle of 1926-1931: Tracing the course of the 
last locust cycle, we find locust swarms suddenly appearing in 
1926 after an absence of six years. The origin of this cycle 
will be considered at a later stage, but the chief factors in the 
production of the new cycle would appear to be high winter 
rainfall in Mekran followed by prolonged and heavy summer 
rainfall in the desert areas, lecKling to protracted breeding 
especially in the southern areas of the desert. 

1927: In the winter of 1926-27, west-bound migration of 
swarms was greatly in evidence, and there was much over-winter- 
ing. Spring breeding was heavy in the Punjab and Baluchistan 
in 1937. Summer breeding occurred in the Punjab and in 
Bajputana, ^ut was, on the whole, moderate. Westward 
migration in autumn led to heavy over-wintering in the Mekran 
areas. 

1928: Following good rainfall, there was extensive spring 
breeding in Baluchistan. Heavy summer migration ooctured, 
but the monsoon rainfall was not well distributed, summer 
breeding occurred only in parts of Rajputana and the Punjab, 
and was on the whole light. Little of west-bound migration was 
noticed in the autumn. 

1929: In the winter of 1928-29, there was no over-wintering 
of swarms in Mekran or Kachhi. Some swarms derived from 
over-wintered concentrations in the southern coast of Iran and 
in Oman reached Mekran, lOiaran and Chagai at the end of 
March and in April, but did not lay eggs in these areas as there 
was no rainfall. They passed on to Sara wan and Quotta-Pishin 
in May and laid eggs in large concentrations as good rainfall had 
occurred here in consequence of which very acute infestation 
resulted here in May-June. Other swarms passed on to Dera 
Ismail Kian and the Punjab areas in May, but there was little 
oviposition on account of defective rainfall. The new generation 
produced in the uplands of Baluchistan and Iran reached the 
Punjab, Sind, Rajputana and the United Provinces in July and 
August, and the heavy rainfall then received induced intensive 
multiplication in these areas. 

Li the autumn months, swarms migrated soj^th-east into 
Central Provinces, south into Kathiawar and Gujaib^t, and west 
into Baluchistan. T^e westward movement was specially 
pronounced, and enormous swarms passed over Lasbela and 
Baluchistan in the direction of Iran, and masses of locusts are 
known to have been drowned in the sea along the Mekran coast. 

1930: In the winter of 1929-30, heavy over-wintering 
occurred in Sind, Punjab, Kachhi and many paite of Baluchistan* 

15 
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Good minfe.1 1 was received in Janiiary-February in Baluchistan 
and Punjab. Extensive breeding occurred in the Kech and 
Panjgur areas in February-March, and in other parts of 
Baluchistan in April-May. Heavy spring breeding also occurred 
in the Punjab and Unit^ Provinces. 

The resulting swarms migrated from Baluchistan in April* 
May eastward into Sind, Punjab and Bajputana, whereas the 
Punjab swarms entered Central India and Bihar. With the 
appearance of the monsoon rains, breeding was set on foot in 
the Punjab, United Proviuoes and Bajputana, but as there was 
little rain in August and September, breeding terminated early 
and most of the swarms migrated eastwards into Bihar, Bengal 
and Assam, and southwards into Gujarat, Bombay and Central 
Provinces, reaching as far south as Warangal in Hyderabad State. 
There was very little of west-bound flight in autumn. 

1931: Over-wintering swarms were not found anywhere. 
No locusts were noticeable in the Indian area, until small swarms 
of Oman origin (according to Predtechensky — 1935) began to 
appear in Chagai m April from the direction of Iran. These 
swarms bred to a slight extent in Chagai, Sarawan and Quetta- 
Pishin, and penetrated as far as Kurram in June. The spring 
generation irom Baluchistan migrated into Sind, Punjab and 
Bajputana in June-July. Monsoon rainfall was, however, not 
well distributed, and there was comparatively little breeding 
except in central and southern Bajputana where heavy falls 
were received in August. Summer-bred swarms were, on the 
whole, few compared with previous years, and in autumn most 
of them became dispersed, some towards the east, others towards 
the south and the rest towards the west flying into Sind and 
Baluchistan. 

In 1932, the winter rains proved a failure in Baluchistan, so 
that there was no spring breeding, and the summer migration 
was limited to a few small groups of pinkish individuals, which 
were noticed on the Mekran and Lasbela coasts and in Sind in 
Jime. No swarms appeared and the cycle of 1926-1931 came 
to a definite close. 

We thus see that the continuation of the outbreak in the 
Indo-Iranian region fiom year to year during the period 1926- 
1931 was not a simple case of a succession of seasonal broods, 
but a complex matter in which several independent factors were 
ooncemed. The development of the infestation is dependent on 
a chain of v i>nts which are severally affected by the character of 
the wintei^ summer rainfall, the conditions of humidity and 
temperature and the timely prevalence of seasonal winds 
necessary for carrying the swarms from one rain-belt to another. 
If one link or other in this chain of events is broken, a partial 
or even a complete breakdown may result. In fact, in the 
raring of 1931, there were no over-wintering swarms either in 
Briti^ or in Iranian Mekran, rad a complete breakdown might 

i5» 
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liave ooourred if swarms firom the Oman area had net oome into 
Baluchistan in April. Ultimately, the cycle came to a close as 
the result of poor breedi^ in the monsoon areas in the summer 
of 1931 followed by a failure of winter rains in the Mekran area. 

Obiqin of Locust Cycles in India 

Althou^ tolerably full information is on record as to the 
progress and development of the recent locust cycle year by year, 
there is no clear evidence to indicate how the cycle originated 
for the simple reason that interest was taken in the locust outbreak 
only after swarm flights had commenced in the autumn of 1926. 
It might have been possible to gather full information only if 
the desert breeding grounds of the locust had been kept under 
observation during the swarm-free period of 1920-1926. On 
the other hand, the interval that followed the last cycle was 
under continued observation by the staff of the locust research 
scheme of the Imperial Coimcil of Agricultural Research and the 
results of the stupes carried out by them have been found to be 
of much help in the interpretation of the scanty data collected 
for 1926. They have shown that in the intervals between 
locust outbreaks the desert locust reverts to its solitary phase 
and is found existing in the desert breeding grounds in small 
numbers in a non-gregarious condition. Except for the circum- 
stance that it does not live a crowded life, the solitary locust has 
been found to react to changes in its environment in much the 
same way as the gregaria phase locust. It breeds similarly after 
rainfall and migrates with the change of the seasons, but with the 
difference that its activities are not so intense. 

In a study of the ecology of the solitary phasr^ the main 
problem is to determine the conditions in which groups of solitary 
individuals become transformed into gregarious swarms capable 
of dealing destruction to cultivation. In the course of the 
period, 1932 to 1939, several instances of such a transformation of 
phase were detected in the Mekran area, mainly caused by locust 
individuals migrating from the coastal areas in spring and early 
summer and concentrating in suitable patches of cultivation in 
the interior valleys for purposes of feeding and egg-laying. 
Since eggs are generally laid under crowd^ conditions, the 
hoppers hatching therefrom tend to get crowded and form 
incipient hopper bands, which subsequently develop into the 
primary swarms of fliers. Such situations as these, where phase 
transformation is brought about, are termed * outbreak centres’. 
In June-July 1936 specially in^rtant outbreak centres were 
observed to have developed in IM^kran and to have been instru-^ 
mental in great part in bringing about a widespread lociist 
incursion into Sind, Bajputana and Baluch&tan in July-August 
1936. The forms of which this incursion was composed, included 
a large proportion of the traneiene and gregaria phases, and it ia 
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practically certain that in case fiairly heavy raii^l had occurred 
during the months of August and September in the Rajputana 
desert areas, these migrants might have bred extensively and 
developed into true gregaria swarms. 

In the li^t of the above observations, the origin of some 
of the past locust cycles may now be examined. Taking the 
most recent case first, the following observations may be made. 

1940 Ovibreak: Since the closure of the locust research 
scheme of the Imperial Council and the taking over of the work 
of locust surveys in the desert on a comparatively limited scale 
by the Locust Warning Organization under the control of the 
Imperial Entomologist, in April 1939, important locust develop- 
ments would appear to have occurred, ultimately resulting in 
the recent reappearance of swarms after an interval of over 
eight vears. Prom the data contained in the monthly reports of 
the Locust Warning Organization since April 1939 (for which I 
am indebted to the Imperial Entomologist), the following 
tentative hypothesis is presented as to the probable sequence 
of events that had brought the new outbreak into existence. 
The final conclusions would, of course, have to be based on 
fuller data, including details of the biometrical facies of the 
populations and further information about the distribution of 
rainfall. 

The rainfall received in the winter-spring season of 1938-39 
in Mekran was fairly heavy and prolonged, and apparently led 
to concentrated breeding in the interior of Mekran and Upper 
Baluchistan including Kachhi during April-June 1939, but as 
the initial migrant population in the winter of 1938-39 on the 
coastal areas was very low, the multiplication was apparently 
not high enou^ to function as outbreak centres. The monsoon 
rainfall in the desert areas was more or less a failure except in the 
northern areas, where light breeding occurred, and the locusts 
bred here entirely migrated out of the desert by December. 

The winter rainfall of 1939-40 in Mekran was moderate 
and the light population found at the end of winter in Mekran 
bred first on the coastal reks and at a later stage in the interior, 
but not to such an extent as to cause outbreak centres to form. 
In June, however, a^ light pink swarm was, according to an un- 
confirm^ report, seen near the Iran borders in the Panjgur area — 
rather significant if correct. Summer migrants were fi^ noticed 
in the Bajputana desert areas in June. The monsoon began early 
in the month of June, but the rains were not general but fell in 
scattered though fairly heavy showers. Owi^ to the drought 
which had occurred in the year preceding, most of the vegetation 
was apparently parched up except in those places where early 
showers had fallen, and it may be presumed that the migrants 
from the west were forced to concentrate on such green patchesfor 
food and breeding. This possibly led to theformation of the initial 
outbreak centres in the desert in June-July. It is also stated 
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that sample populations collected in south Bikaner and at 
Banner in the firet fortnight of July showed a preponderance of 
tranaiens and gr^ria, similar to the facies of the incursion 
migrants found in July 1936 in Kajputana. With the passage 
of depressions from the Bay of Bengal over Bajputana, heavy 
rainfall occurred in August in sever^ places in the desert, and 
various loose groups of locusts present in the eastern parts of the 
desert were possibly carried towards the west or south-west by 
the rainstorms and forced to concentrate in the desert. It is 
also likely that the adults from the early batches of egg-laying 
in June and early July were also partly included in the con- 
centrations mentioned above. During visits paid at the 
beginning of October large numbers of black and yellow gregaria 
hoppers of the 4th and 5th stage are said to have been found in 
the west Bikaner and east Jaisalmer areas and in the Chachro 
area. Bands of very young hoppers are also said to have been 
found as well as numbers of adults concentrated in patches of 
cultivation. The swarms reported in the second fortnight of 
October in north Sind, eastern parts of Baluchistan, the south- 
western districts of the Punjab and in Bahawalporo State, as well 
as in Delhi, Gurgaon, Hissar and Muttra areas were doubtless 
derived from the infestations mentioned above. 

The Locust Outbreak of 1926 : In January 1926, widespread 
and heavy rainfall occurred both along the coast and in the 
interior of Baluchistan. Extensive breeding is presumed to 
have taken place in February- April, and in May- Juno, local 
records show that large bands of hoppers appeared in the 
Kulanch area, and that swarms of pink locusts were met with 
in June, and found disappearing from the area st bsequently. 
Similar locust infestation would appear to have been notio^ 
also in parts of Kech and Kolwa valleys. These were evidently 
of the nature of incipient swarms which had been produced 
from a concentrated breeding of migrants from the coastal reks. 

Locust swarms reported to have been found in Kachbi by 
the end of June and in Sibi early in July were presumably 
derived from the interior of Baluchistan and possibly also Iran. 
On the analogy of the incursion of 1935, it is very likely that 
similar incursions of migrant individuals had reached south- 
west Punjab, Sind and Rajputana and had begun to breed with 
the fall of good rain in July. Swarms reached the Lasbela 
area in August, and breeding commenced in that area with the 
heavy rain received at the end of August and in September. 
In the Rajputana desert areas, breeding continued in August and 
September, and with the passage of depressions across the 
desert, locusts apparently became more and more concentrated 
in the south-western parts of the desert, where heavy breeding 
was noticed in the Thar and Mallani areas in September-Ootober. 
Pink swarms produced here began to invade Kathiawar, Sind^ 
Baluchistan and the Punjab between October and December. In 
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1926, the earliest swarms were fouxul in south Sind, whereas in 
1940, the earliest swarms flew north-west and reached the 
southern distriots of the Punjab. This was presumably 
because the bulk of the breeding was in the northern parts 
of the desert in 1940. 

The Outbreak of 1923 : Records of the Naib-Wazir, Turbat, 
show that large hopper bands were detected in April-May in the 
villages of Zarenbug and Hassadi in the Dasht River valley and 
that control measures were taken by the local authorities. By 
the end of May, the infestation reached Gabd and practically 
extended all over the valley, and by June the adult locusts 
disappeared from the area. In J;^ly locusts were reported from 
the Kaohhi area, and presumably others migrate into the 
desert areas about the same time, but apparently swarmirjg 
did not occur in summer. / 

The Origin of the Cycle 1912-1919 : In 1911, incipient 
swarms are known to have been observed in the Dasht valley in 
early summer, presumably as a result of good winter rains and 
especially of good falls in March recorded all over Baluchistan. 
Breeding is also recorded in the Kachhi area in April-May. 
As the monsoon proved a failure all over the desert areas in 
June, July and August, there was little scope for breeding in 
summer. The winter rains of 1911-12 were light to moderate 
in Baluchistan, but the monsoon rains in the desert began early 
in June, 1912 and were fairly heavy and well distributed. In July 
and August, there were good falls in most places, and in south 
Marwar, there were some showers even in September. Prolonged 
breeding including the production of a second generation would 
appear, therefore, to have taken place, especially in the southern 
parts of the desert. The first swarms were noticed in the Thar 
area in September and numerous flights invaded the south of 
Sind and Mekran in October, November and December. The 
swarm formation of 1912 very much resembled that of the 
present outbreak, inasmuch as it immediately followed a year 
of summer drought in the desert. 

Cycle 1900—1907: The year 1899 was a period of severe 
drought in the Rajputana desert area, and very few swarms 
were seen that year. Good rainfall occurred in the winter- 
rain areas in 1900, and was followed by good monsoon rains in 
the desert, as a result of which swarming started again in the 
desert and pink flights commenced in September-October, 1900, 
m Rajputana and Sind and reached Baluchistan and the Punjab 
in November -December. 

Cycle 1889—1898: This cycle was preceded by a long break — 
1882-1888. In 1888, good winter rainfall would appear to have 
wourred, but the only evidence about the appearance of locusts 
is the record in the Sind Season and Crop Report of 3 swarms in 
July in the Hyderabad area. Presumably, some summer breeding 
had occurred in the desert of which there is no record. The 
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winter rainfall of 1889 was also good, and swarms began to 
appear in the Punjab, Sind and ^jputana areas as early as 
]Mby, The monsoon was also early and rains began at the end 
of May, and continued till the end of August as a result of which 
extensive breeding took place. 

Cycle 1869-1873: The year 1868 was a year of drought in 
Hajputana. The winter of 1868-69 was a wet one, and swarms 
would appear to have reached S.W. Punjab early in spring, and 
I^jputana in June. Heavy breeding occurred in the desert in 
July- August, and swarms appeared in the Thar area by the 15th 
September. 

The data mentioned above would indicate the importance 
of the following sequence of events in originating a new locust 
cycle: (1) heavy and well-distributed rainfall in the winter rain 
areas in causing the formation of outbreak centres in the interior 
valleys of both Iranian and British Mekran, and bringing into 
oxistenoe the nucdeus of future outbreaks, (2) the conveyance of 
these incipient swarms into the desert area at the right time for 
bringing about monsoon breeding, and (3) the occurrence of heavy 
and well -distributed monsoon rainfall to bring about concentrated 
and continuous breeding in the desert for building up large swarms. 
There would appear to be some reason to consider that summer 
droughts in the Sind-Rajputana desert have probably the effect 
of creating patchiness of vegetation at the beginning of the suc- 
ceeding year’s rainfall, which is perhaps instrumental in causing 
the initial concentrations of locusts resulting in incipient 
swarming. 


The Importance of ohbokino the Initial Outbreaks 

At the last International Locust Conference held at Brussels 
in 1938, stress was laid on the importance of keeping under 
surveillance the areas known to be responsible for starting fresh 
outbreaks of locusts and of controlling the incipient outbreaks 
before they got out of control. The experience of past locust 
outbreaks has shown that it is difficult to bring locust infestations 
under control, once the swarms have begun to fly about and 
migrate to distant places. The best way of dealing with them 
would be to locate the centres of outbreaks and destroy the 
incipient bands of hoppers before they are in a position to 
acquire wings and leave the area. In the Indo-Iranian area of 
infestation, the primary outbreak centres are formed in the 
winter-rain areas — ^within the limits of British or Iranian Mekran^ 
and perhaps also of eastern Arabia, where the, transformation of 
phase from aolitaria into transiens or gregaria may occur and 
sometimes even the formation of small, loose, flying swarms. 
GeneraUy, however, the new generation would appear to migrate 
as groups of individuals rather than as swarms, as had happened 
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in 1936, to the Btunmer-rain areas. If conditions are favourable 
here, small concentrations might be formed in June-July- August, 
and in case of the occurrence of good precipitation in August or 
September, the dynamics of the depressions from the Bay may 
bring about further concentrated breeding in the desert and the 
building up of large swarms. 

In regard to the control of the outbreak centres, the present 
locust warning organi^tion has been suffering from certain 
serious handicaps. In the first place, it is only the centres that 
are within British limits that can be tackled by the staff. As 
yet no information is available as to whether the co-operation 
of the Iranian Government has been secured in regard to a joint 
watch and control of the outbreak areas in the winter rain 
zone; for, without the simultaneous control of the Iranian 
centres, much useful purpose will not be served by the measures 
taken in Mekran only. Secondly, even in the Indian area, most 
of the outbreak centres are located either in distant hill-valleys 
in the interior of Baluchistan, or in wide expanses of the Indian 
Desert, and as most of them are situated in very sparsely 
populated country lacking means of easy communication, it has 
been found difficult, on account of the inadequacy of the staff 
engaged on this work at present, to detect cases of incipient 
swarming sufficiently early for purposes of control. 

The Resolution of the Fifth Ihtemational Locust Conference 
on this subject recommended the formation of an organization 
composed of staff financed by the co-operating governments, 
whose functions were to be chiefly (1) the permanent super- 
vision of all outbreak areas — ^whether known or suspected, and 
(2) the immediate destruction of incipient swarms whenever 
observed. 

The locust warning organization of the Government of 
India, as at present constituted, was not designed to undertake 
the control of the incipient outbreaks. Indeed, the present 
strength of the staff cannot be deemed to be sufficient even to 
patrol effectively the vast areas of locust habitat for the detection 
of the danger points in time. Since swarms have now appeared, 
the^ indications are that a new cycle of infestation has started, 
which will mean that further trouble is in store for the cultivator 
when these swarms begin to breed with the fall of winter rains. 


Sunspot Cyolbs and Locust Pbbiodicity 

It is generally recognized that many of the natural 
phenomena noticed on the free of the earth are ultimately 
traceable to the energy derived from the emanations radiating 
from the sun, and it is not surprising that an explanation of the 
countless fluctuations found in various earthly phenomena, such 
as the daUy weather changes and variations in the growth of 
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plants and animals, has been sought in the variations in the 
quality and quantity of solar radiation. Emanations from the 
sun are, on the other hand, found to vary with the number of 
the ‘sunspots* noticeable on the sun’s disc. Sunspots have been 
described as ‘terrific cyclonic storms in the solar atmosphere 
generating powerful electro-magnetic fields *, and the number of 
sunspots gradually increases for some yeara and then decreases, 
a single cycle of such changes being usually of eleven years* 
duration. Observations have shown that the occurrence of 
magnetic storms, auroral displays, and the fading out of radio 
transmissions in some years are all connected with an inci-ease 
in sunspot activity. Harlan T. Stetson (1937) has shown in his 
fascinating book on ‘Sunspots and their effects from the Human 
Point of \lew* that the growth of plant life varies directly with 
the increase in the number of simspots, while in the case of 
animals there is an inverse variation. Swinton (1880) has 
adduced evidence to show that periods of prevalence of locusts 
generally coincide with those of sunspot minima, while Oiddle 
(1932) found that outbreaks of grasshoppers inManitoba (Canada), 
coincide with periods of sunspot minima, and Richmond 
(1938) also found a similar coincidence in British Columbia. 
Uichanco (1936) found a fairly marked negative correlation 
between solar activity and locust fiuctuation in regard to the 
swarms of the Migratory Locust {Locvata m, manilensis) in the 
Philippines. 

As, in the case of the cycles of infestations in north-west 
India, fairly detailed data were available since 1860, a graph was 
worked out showing the fiuctuation in the infestation, based on 
the comparative extent of damage, the area of spread and 
the degree of oviposition, and superimposed on a graph of 
sunspot numbers for the oorresiK>nding period (Rao, 1938). 
The result was that a general negative correlation was found to 
be existent between the simspot curve and the curve of infesta- 
tion, except at two places, viz. 1905-07 and 1928-31. It was 
also evident that in almost all cases where a new cycle began 
after a break, the incipient swarms were mostly produced during 
the period when sunspots were either at their minimum or low 
in numbers. 

It is rather difficult to imagine how sunspots could have any 
direct action on locusts unless the emanations from the sun can 
be deemed to have a prejudicial effect on their reproductive 
powers. On the contrary, the locust is entirely dependent on 
the occurrence of optimum weather conditions, especially favour- 
able rainfall in the winter and summer rain-belts, for its multipli- 
cation, and since the world climate is ultimately dependent on 
the quantity and quality of solar radiation, it is quite conceivable 
that locust incidence may be indirectly affected by the fluctuation 
of sunspot activity. 
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Thb Nbbp of f u bth bb Rbseabch oh Locusts ih India 

At the present moment when a fresh swarming of the desert 
locust has tegun after an interval of over eight years, it would 
be useful to make a retrospect of the results achieved since 
the last great outbreak. At the time of the commencement of 
the last cycle in the autumn of 1926, when large swarms similarly 
appeared after an interval of over six years, our knowledge as 
to their origin and as to the factors affecting their movements 
and breeding was but limited. 

In consequence of the widespread damage caused by locust 
swarms in India, western Asia and Africa during the last cycle, 
various research schemes were inaugurated in different countries 
and* were in progress during the last decade ; and as a result 
thereof a decidedly large advance has been achieved as regards 
our knowledge of their bionomics, ecology, breeding grounds, 
general movements and phase transformation. 

In India, investigations were in progress since December 
1930 under the scheme financed by the Imperial Council of 
Agricultural Research. As a result of intensive studies of the 
bionomics of the locust under controlled conditions at Lyallpur 
under the direction of Khan Bahadur M. Afzal Husain, very 
valuable information has been obtained in regard to the effect 
of various factors such as temperature, humidity, muscular 
effort, the proportion of carbon-dioxide in the atmosphere, etc., 
on the coloration and phase development of hoppers. 

In regard to the search for ‘the permanent breeding grounds * 
of the locust, invaluable information has been secured, showing 
that during swarm-free intervals (1) it lives as a solitary locust 
in the desert areas of Sind, Baluchistan and Rajputana, (2) 
regularly breeds in spring in the western winter-rain areas, and 
in summer in the monsoon areas in the east, being possessed of 
the ability to migrate from one rain-belt to the other at the 
change of the seasons, and (3) assumes the gregaria phase as 
the result of crowded breeding in ecologically favourable situa- 
tions in the winter and summer brood areas, and of a rapid 
succession of generations following favourable rainfall. 

The practical aspect of this knowledge lies in the fact that 
the locust is a perfectly harmless insect so long as it does not 
breed under crowded conditions and assume the swarming stage, 
and that it is fully possible to prevent it from breaking out into 
swarms if the ovibreah cerUres are kept imder watch and any 
incipient outbreaks that may be noticed are immediately con- 
trolled by the requisite staff. It is evident that once locusts 
are allowed to form into swarms they will migrate long distances 
and spread over a wide area, and it would then be difficult to 
control them except by adopting extensive measures at great 
cost and ‘Expense in the various provinces affected. It would, 
therefo^, really be a kind of crop insurance to maintain a 
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oondpetent staff provided with the requisite funds and material 
to watdi the locusts in the desert areas and control the initial 
outbreaks as soon as they are detected. 

It is, however, a tragedy of life that the human mind is 
generally unable to assess danger at its full value unless it comes 
actually &oe to face with it. While a locust infestation is in 
progress and swarms are actually making their presence felt, 
the public as well as the government are ready to spend vast 
siuns of money to control the pest and are anxious to provide for 
scientific investigations to find out all about the activities of the 
insect. When, however, the outbreak subsides and the locusts 
disappear, all interest in the investigations in progress is lost 
in course of time and work is stopped before any legitimate 
conclusions can be reached. The observations made in the 
African and the Indian areas had clearly indicated the necessity 
of immediately dealing with incipient swarms for controlling a 
new outbreak in its early stages, but unfortimately the staff and 
the funds allocated for the Locust Warning Organization were 
obviously inadequate to enable it to control incipient swarming 
at the critical time. Numerous swarms have already appeared 
in rich agricultural areas, but by taking the necessary control 
measures, it should be possible to prevent it from developing 
into another cycle of locust menace. 

Although a considerable advance has been made in a study 
of locust epidemiology, there are still various gaps in our know- 
ledge of locusts, especially in regard to problems of a fundamental 
nature, and it is hoped that it would be possible to get the 
necessary funds for their investigation while material for study 
is available during the present swarm period. 

Besides the Desert Locust, in the case of which, thanks 
to the funds generously provided by the Imperial Council of 
Agricultural Research, a great deal of essential knowledge has 
been acquired, there are two other locusts which are potential 
enemies of the agriculturist in India, about which little is known 
as to the exact conditions in which swarm formation takes 
place. 

First, we have the Bombay Locust — Patanga succincta L., 
which is one of the serious locust pests of India. In the past, 
India has experienced several infestations, of which, however, 
we have detailed records of damage only in the case of the last 
two visitations, 1878-1884, and 1901-1908. The last outbreak 
of this locust was in full swing when the first Entomologist to the 
Government of India — ^the late Prof, Maxwell Lefroy — ^arrived 
in Lidia and took up his duties in 1904 and the investigations 
carried out by him cover a great extent of ground. But, in 
the light of the locust lore of modem times, 'the problem of the 
Bombay Locust will have to be examined afresh, especially in 
regard to the location of its permanent breeding grounds, an 
investigation of the bionomics and ecology of the solitary phase 
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and the determination of the &ctor8 that have contributed to its 
oomparative qoieBcenoe for the past thirty years nearly.^ This 
is all the more .important, because the staff engaged in the 
surveys of the desert locust in the Bajputana desert areas have 
been finding every year solitary specimens of the Bombay Locust 
during the autumn and winter months in many places, though 
so far its hoppers have not been found anywhere in the desert, 
and there is little doubt that they form instances of long distance 
migration. Past records show that its visitations had descended 
rather suddenly on the public without a warning, and it would 
not redound to the credit of India if, sooner or later, Peninsular 
India all at once finds itself at the mercy of the marauding 
swarms of this locust. At present no attempt has been made to 
study the problem while the insect is in its solitary phase, 
and there is no oiganization to keep a watch over its developments 
and to check the outbreak in its initial stage. 

Secondly, there is the Migratory Locust. Although it has 
generally been found in its solitary phase all over India, past 
experience has shown that it can, under favourable conditions, 
increase in numbers to such an extent as to assume serious pest 
conditions. In 1878, this insect invaded district -after district 
in the southern parts of Madras, usually so free from the impor- 
tunate attentions of locust swarms, but fortunately it relapsed 
into its usual status of a harmless grasshopper by the end of the 
year. In 1937, this insect was reported to be doing extensive 
damage to crops in October in Sirohi State and in the States of 
Kathiawar and Gujarat, and if its earlier activities in that year 
had not been traced by the Locust Survey staff, one would ^ve 
thou^t that the infestation was only of local origin, whereas 
actu^y it originated in the hill-valleys of Baluchistan and 
spread into Kathiawar and Gujarat only after passing through 
heavy breeding in the Bikaner-Jaipur areas in July-August. 
At present, it is not known whether the Indian form is allied to 
the Tropical Migratory Locust of Africa or to the Eastern 
Migratory Locust of China and the Philippines, and it is only 
when the gregaria form is bred out that its systematic iK)sition 
can be determined. It would be of much scientific and practical 
interest to study it under Qontrolled conditions and find out the 
causes that provoke its sudden outbreaks. 

There are, besides the locusts, certain very injurious grass- 
hoppers in India, which occasionally rear their destructive heads 
in certain years and occasion a great deal of damage. Of these, 
the Deccan Grcusshopper, Col^nania spkenarioides Bol., is one 
of the most important, seriously affecting dry crops over a 
very large area of Bombay, Mysore, Hyderabad and Madras. 
This also shows considerable fluctuations in numbers and 
possibly appears in cycles. Species of Hieroglyphvs seriously 
affect both dry and wet cereal crops all over India and Aeolopua 
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affinis is also known to be a serious pest of dry crops in certain 
yeaiTB in parts of India. 

It is to be hoped that in course of time many of these 
injurious locusts and grasshoppers, which at some time or other 
cause considerable losses to the Indian cultivator, would be 
tackled either by provincial initiative and effort or by schemes of 
an all-India character, so as to bring relief to the man behind the 
plough, who, after all, is the man that directly or indirectly 
supports the whole machinery of Government, though, of course, 
it is somewhat of a forlorn hope at the present time, in view of 
the exigencies of war, to expect any considerable support for 
scientific investigations. 
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President : — ^Tasak Chandba Das, M.A. 

Presidential Address 

(Delivered on Jan. 4, 1941) 

CULTURAL ANTHROPOLOGY IN THE SERVICE OF THE 
INDIVIDUAL AND THE NATION 

Introduction 

It is my first duty to offer you my sincorest thauks for the 
honour you have oonferred upon me by electing me to preside 
over the deliberations of this Section of the Indian Science 
Congress. The subject of my discourse to-day is ‘Cultural 
Anthropology in the Service of the Individual and the Nation’. 
We, Indians, are now passing through a stage in our national 
life when a clear statement of how anthropology can help to 
build up the future of India is not only suitable to the occasion 
but is an imperative necessity. 

Anthropology is commonly believed to be a border-line 
science which has no practical application. This misconcep- 
tion is due partly to lack of knowledge of the scope of and 
recent advances in anthropology on the part of the ordinary 
man and partly to the anj;hropologists themselves who have 
in the past laid too much emphasis on the historical side of the 
subject. But recent trends in both physical and cultural 
anthropology show a definite change in the angle of vision and 
the study of the present is seriously replacing that of the past. 
Professor Le Gros Clark has given us a very clear idea about 
the applied side of Physical Anthropology in his Presidential 
Address before the Anthropology Section of the British Associa- 
tion for the Advancement of Science at its Dundee Session 
in 1939. I do not propose, however, to tread over the same 
ground again, but intend to confine myself to Cultural 
Anthropology alone. 

Before going to show the place of Cultural Anthropology 
in the Ufe of the ordinary man of diverse professions we wish 
to draw attention to one general condition which affects all the 
different groups equally and which shows how Cultural Anthroi^ 
pology is ultimatdy connected with them. * You are all well 
acquainted with the law of demand and supply in economics. 
An institution does not come into existence if it has no necessity 
for the community in which it flourishes. We hear that this 
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law is equally applicable in the biological world. Anthropology 
as a science is of no ancient origin. We may say in round figures 
that during the last 100 or 150 years at the utmost this subject 
has developed to its present volume and importance. The 
history of the world shows that during this period better means 
of communication arose and the European nations spread over 
the world and established political supremacy over or commercial 
connections with diverse races and cultures. This contact 
between the European races and the coloured peoples of the earth 
has brought to existence the Science of Man. The early traders, 
conquerors and missionaries tried to understand the people 
with whom they came in contact. Every one of them, whether 
an administrator, missionary, merchant, soldier or planter, 
required to be sympathetic in dealing with persons of his own or 
alien race. It has been claimed by one of the early stalwarts 
of Indian anthropology that ‘sympathy is one of the chief factors 
in successful dealings of any l^d with human beings, and 
sympathy can only come of knowledge. And not only al^ does 
sympathy come of knowledge, but it is knowledge that begets 

sympathy Familiarity breeds contempt, but it 

is knowledge that breeds respect and it is aU the same whether 
the race be black, white, yellow or red, or whether it be cultured 
or ignorant, civilized or semi-civilized or downright savage 
This knowledge which breeds sympathy was suppli^ by the men 
who came to settle among alien people for purposes of business. 
They recorded the manners, customs, beliefs and superstitions — 
in a word the life of the people among whom their lot was thrown. 
This volume of literature forms the bed-rock of Cultural Anthro- 
pology. These records are not always perfect for scientific 
purposes as they are not the products of trained scientists yet they 
give us the fruits of observation made by the practical men who 
tried to solve their own difficulties and recorded their experiences 
to help and guide others who might have to face similar difficul- 
ties in their own fields of activities. The deductions of modern 
Cultural Anthropology are based on these observations of practi- 
cal men and the subject itself owes its origin to them. This 
clearly indicates the service which Cultural Anthropology 
rendered in the past to the different human professions and it 
may be reasonably" expected that it will render the same help 
in future, perhaps in a better manner as it is more perfectly 
organized now. So, the Law of Demand and Supply shows that 
anthropological knowledge was necessary at the beginning of 
European expansion and the early settlers by recording their 
experiences among alien races laid the foundation of a science 
which has already secured a place among its sister subjects 
and dreams of a future fraught with immense possibilities. 


Sir R. Temple — Indian Antiquary, Vol. XXXIV, 1905, p. 133. 
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We hope, you have already a glimpse of the necessity of 
eultund anthropology in modern life and it owes its origin to 
this necessity. But we shall try to convince you further on this 
matter by a detailed study of the part which this subject plays in 
the life of the ordinary man. 

Plaob op Anthropology in Trade, Industry, and 
Agriculture 

Trade, industry, and agriculture are the three most impor- 
tant institutions of modem man. Our life and culture depend on 
them. They are the sources of livelihood of millions of our 
brethren. Let us see what part anthropology plays, in these 
three departments of modern culture. Trade is mostly based 
on industry and agriculture. It means distribution of goods 
produced by agriculture and industry and the law of demand 
and supply governs this distribution. ‘Who is successful in 
commerce but he who finds out where the market is, and having 
found the market, knows how to take advantage of it and what 
to avoid ? In seeking a market, the habits, ways, predilections 
and prejudices of many kinds of people have to be learnt, and 
this is the case in a much higher degree in preserving the market 
when found.’ Many a foreign market has been lost by the mer- 
chant and the manufacturer through their ignorance of the local 
people and their pride bom of the same ignorance. It is often 
argued by the manufacturer that he is not going to change 
the mode of production of a particular article in response to a 
demand from a foreign market but would stick to the method he 
found suitable for the consumers in the home market Nothing 
is more foolish and ruinous and this had been the case with a 
number of British firms in the early days according to an expe- 
rienced British administrator. No one will take a thing which 
he does not like or cannot pay for whether he be civflized or 
savage. Among the primitive the prejudice is more strongly 
felt. ‘Beads as beads do not appeal to the savage but it is a 
particular kind and form of bead that he wants for reasons of 
his own, practical enough in their way — and so on through 
every article of trade. ’ Sylvia Leith-Ross in her African 
Women points out, in this connection, how European commercial 
concerns consult the opinion of Ibo women triers about the 
suitability of patterns received from England and introduced 
in the area. Their views receive serious consideration firom these 
mercantile firms. If you go to the interior of Chota Nagpur, 
you will find nowadays hundreds of rupees worth of glass beads 
and bangles being sold to its primitive inhabitants by the locad 
traders. Most of them come from Japan and pass through 
Calcutta. But only half-a-century ago or even less these 
glass articles were unknown to them. Lac beads and bangles 
manufactured in and near about the region by the local people 
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were in use at that time. Cihota Nagpur is reputed for , its lao 
in the world market even to-day but in spite of this the local 
product could not successfully fight against the foreign article. 
The secret of Japan’s success in tbjs dep^ment lay in her minute 
study of the local taste, demand, and pa 3 ring capacity. The local 
producers did not pay any he^ to these tbi^ factors which 
constantly change, however minutely, with progress of time 
and the result is that they have been wholly ousted from the 
market. Brass and bell-metal industry of !ltengal is also faced 
with the same fate at present. .Muminium utensils are 
vigorously pushing their way into the rural parts of Bengal and 
the workers in brass and bell-metal will soon pay the penalty 
for their neglect. 

Dress and ornaments show how taste changes with the 
passage of time. Social, political and economic factors 
contribute in a more or less degree towards the formation of 
fashions of a people. This may be illustrated from a study of 
the history of even such an insignificant trait as the ladies’ foot- 
wear for the last twenty-five years in Bengal. Post-war 
impetus to female education, non-co-operation movement in 
poUtics and general trade-depression all over the country have 
operated in the origin and growth of this trait. Numerous 
instances of this nature may be brought forward and they show 
what an intimate knowledge of the social, political, religious, and 
economic life of a people is necessary if you wish to be a successful 
supplier of goods to them. A fal^ step or a little laxity in the 
constant watchfulncbS may ruin the business. This intimate 
knowledge about ^ large section of humanity is supplied by 
Cultural Anthropology and the trader and the industrialist may 
profitably employ tWs knowledge to the furtherance of their aims. 
They may employ young men trained in anthropology to conduct 
their business in far off countries with instructions to keep their 
employers informed about even the slightest changes in the life 
and manners of the people among whom they may be stationed. 
Many important firms m England have appreciated the force 
of this argument and now employ such anthropologically trained 
young men to conduct their business in foreign markets. Indian 
students of anthropology may also be employed in the same 
manner by Indian firms though unfortunately their scope is 
very limited and our mercantile community not so advanced 
in their ideas. This is, however, a circumstance for which our 
subject is not responsible. It may be urged that the kind of 
knowledge noted above can be and had been successfully acquired 
by men who have or had no anthropological training. ‘Granted, 
but the man who has been oblig^ to acquire it without any 
previous training in observation is heavily handicapped indeed 
in comparison with him who has acquired the habit of right 
observation, and what is of much more importance, has been 
put in the way of rightly interpreting his observation in his 
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youth.* This is how the anthropologist helps the trader and the 
industrifiJist and is in turn helped by them. 

Besides supplying information to the industrialist regarding 
the nature of things required by a particular market the anthro- 
pologist can help him in other spheres as well. The old days of 
home-industries are gone. The invention of modern machineries 
has centralized productions in big factories. This ht^ brought 
about the struggle between capital and labour which is occupying 
the attention of all serious-minded people in every country of 
the West. In India, though the fight between labour and capital 
has not reached the same degree of acuteness, it is gradually 
gaming ground. In our country labour is often supplied by 
the primitive tribes. In the mines and factories of Chota Nagpur 
thousands of labourers are employed and they are mostly 
recruited from amongst the tribes which occupy this part 
of the country. The tea-plantations of Assam are also worked 
by labourers mostly recruited from the tribes of Chota Nagpur, 
Orissa cmd Madr^. The treatment which these labourers 
receive from their employers shows utter ignorance of their 
life and customs. This leads to lack of sympathy on both sides 
and oonsequenl misunderstanding. Troubles naturally crop 
up under these circumstances ent^ng huge loss of money to 
the employer and the employed. But this can be easily avoided 
with a little knowledge of anthropology. Petty grievances 
which can be removed by a sympathetic master at a nominal 
or no cost often assume huge dimensions when they are not 
attended to at the outset. 

Big scale farming also involves the question of labour and 
capital. The planters of Assam and Ceylon employ tribal labour 
to a very great extent. They try their best to exploit the 
labourers to the utmost degree and do not make any attempt 
to understand their difficulties. This unsympathetic attitude 
is at the root of much human misery which can be easily avoided 
by a little knowledge. 1 need not point out that there i much 
difference between voluntary and forced labour ; the worker 
must feel pride and pleasure in his work; he is to be tuned to 
offer his services and not made to feel that work is being extracted 
from him. This psychologicfd attitude is more paying in the 
long run and this can be achieved only by an intimate know- 
ledge of the life and traditions of the workeis, by a knowledge 
of their past happiness and present difficulties. Anthropology 
supplies this knowledge more than any other branch of learning. 
These tribal labourers uprooted from their native soil and plant^ 
temporarily in and around work-centres lose practically all 
contact with their own people. They no longer ^d themselves 
under the benign control of their fan^y, clan and village elders, 
each and every one of which units exercises a very judicious 
check over the individual inclmations in their homelwd. Free 
from these controlling agencies to whom they always look for 
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guidance whenever occasions arise these simple men from the 
hills and jungles fiedl eemy prey to the vices common in such areas. 
Moreover, they are omn n^ed by wily interested people to 
commit actions' the full import of which they can hardly realize. 
In such circumstances arise most of the labour troubles in work- 
centres and it is the duty of the employers to realize the situation 
and arrange for their redress. Strong measures only toughen 
the stuff but a little sympathy with more knowledge may e^y 
soften the situation. is where anthropology brings in 

practical relief to the producers. 

Anthbopology m Law and Legislation 

Let us now see how anthropological knowledge can help the 
members of some of our noble professions as for example the 
lawyer, the educationist, and the missionary. A lawyer practis- 
ing in a primitive area should know in detail the manners and 
customs of the people who may come to him for legal advice 
and help. Unless he is well acquainted with the life of the people 
he cannot property represent his client’s claims before the judge. 
The judge also requires an intimate knowledge of the people 
among whom he has been placed to dispense justice. This is 
more so in a primitive area. The primitive peoples have different 
notions of law and their ideas of grievances sometimes differ 
from those of ours. The law of limitation, as for example, does 
not exist among some of the Kuki tribes of Assam. When 
a man borrows money he is to pay it back whenever convenient 
and there is no hurry on either side. It may be realized from him 
or from his son or grandson or any other descendant lower down. 
It is never barred by limitation. Just imagine what a money- 
lender in such an area thinks of when he hears that the borrower 
is not required to pay back the loan as it has not been sued for 
in time according to our custom or law. In Chota Nagpur, 
again, marriage by force is an established custom among some 
of the tribes. Nobody thinks it to be a serious crime and cases 
of this nature are not infrequent in this area. If these cases are 
brought to the court and punished according to our estimation 
of the magnitude of the crime it will be sheer injustice. Some 
magico-religious conceptions also deserve mention in this con- 
nection. Belief in witchcraft is a common feature in many 
primitive areas and sometimes leads to very atrocious crimes 
by parties of villagers working together. lYom time to time 
we hear of murder of old women, suspected to be witches, from 
tribal areas. The intensity of the crime cannot be realized 
until and unless we understand the mental and cultural outloc^ 
of the people concerned in such crimes. Instances of human 
sacrifice to different deities in fulfilment of vows or for boons 
come to our knowledge occasionally from similar areas. The 
administration of law in these and similar other cases involve a 
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oonsideration of the magico-religious beliefs and superstitions of 
the culprit and his community. At least a part of the responsi- 
bility of such crimes lies with the cultural make-up of the people to 
which the perpetrator belongs. Promulgation of the laws of 
civilized life among a people of this type without previous 
education to uplift their cidtural condition is unjust and in- 
judicious. As long as the beliefs and superstitions of such a 
people are not erfi^iioated by education and new values established 
in their place the laws of civilized life cannot be introduced among 
them with justice. This shows how the administration of 
law requires anthropological knowledge even where its sections 
are clear and the evidences complete to punish the accused. 
There are innumerable instances of this nature and the lawyer 
and the judge must be thoroughly acquainted with the people 
in order to evaluate properly the facts laid before them and their 
interpretation too. Without this intirnate knowledge, both 
of them may fail to discharge their duties in a suitable manner. 

Legislation is a more imx)ortant field than administration of 
law for the employment of anthropological knowledge. We 
all know that most of our laws are codified customs and customs 
form an important branch of anthropological studies. Primitive 
society is guided and controlled by unmettiorial customs and 
many of them differ in their essential values from our conceptions. 
We have already pointed out how magico-religious and socio- 
economic conceptions of these backward peoples differ from those 
of ours and even a cursory study of any of our primitive tribes 
will convince you how they have built up their culture round 
these ideas and conceptions. Under these circumstances intro- 
duction of our laws amongst them often tends to maladaptations 
and consequent decay or degeneration of tribal cultures. 
Speaking about Africa, Lord Hailey, G.C.S.I., 6.C.I.E., one of 
its greatest administrators, expressed his doubt about the possibi- 
lity to evolve a homogeneous system of law by reconciUng the 
native customary law with the European law. In the chapters 
on law and justice and land of his monumental work African 
Survey he points out how conflicting the ideas and interests 
are in the development of land-tenure and warns the government 
about all attempts at premature interference especially in this 
field. 

In our own country examples are not rare of hasty legislation 
which have either proved dead laws (when they are mere i)er- 
missive) or have definitely been hanuM to the whole or part of 
a community. An instance of the former type is the Widow 
Remarriage Act which being a permissive law has proved in- 
nocuous and has not been able to strike at the root of the evil and 
solve the problem for which it was intended. If we are to believe, 
what lilr. J. M. I>utt has shown in the pages of the Modem 
Review (Jan. 1940, pp. 36~4I), that enforced widowhood 
is ultimately Tespomihle for the gradual decrease of Hindu 
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population in Bengal^ than this law should be turned into a 
coercive one in the interest of national welfare. Here we require 
the help of the social anthropologist who will point out by 
intensive investigation the advisabmty or otherwise of promul- 
gating a coercive law of this nature. Another instance of a 
futile Act of this type is the Sarda Act of 1929 which prohibits 
marriage of children. The aim of this Act is evidently to stop 
marriage before physiological maturity which is the only justi- 
fication for such a measure against a very important socio- 
religious and economic institution. But the age of marriage 
leg^y allowed by this Act falls far short of physiological 
maturity. British India even falls short of what has been 
prescribed by some of the Indian States and readily 
accepted by its people. Such a measure should have been 
preceded by a wide and intensive study of its socio-economic 
implications and the prevailing opinion of the people. Who 
is better fitted for this task than the cultural anthropo- 
logist? There are talks to restrict Hindu polygyny and to 
introduce divorce amongst them by legislative measures but we 
are afraid that these also will meet with the same fate which 
overcame their predecessors in the domain of socio-religious 
legislation. At every stage in the passage of such Acts 
orthodoxy clamours unceasingly against these so-called re- 
actionary measures and almost in every case successfully am- 
putates the well-oonceived measures and the promoters of the 
latter are not armed with the requisite facts and figures to fight 
against the age-old conservatism of our country. The result is 
a half-way compromise which practically nullifies the original 
motive of the measures. Such half-hearted actions not only 
retard future progress but also lull into quiescence the spirits 
of change and progress. 

Society is, as it were, a huge organism. If you strike it 
at any one point, all its parts feel and react. One should be 
cautious before he attempts to strike such an organism. The 
Permanent Settlement of Lord Cornwallis brought about a Hindu 
landed aristocracy in Bengal in the early years of British rule 
out of political and financial exigencies. The system of inherit- 
ance practised' in this part of the country has for the last 150 
years gone on dividing these holdmgg generation after generation 
reducing their size and income. Thus a large class of petty 
landholders came into existence. European trade with the 
development of Calcutta as the most important centre for export 
and import business with Europe attracted a large number of 
these small landholders and gave employment to them. Besides 
this, the conquest of the whole of India with the wealth of Bengal 
and with Calcutta as the base, provided further employment 
in governm^t service to a large number of the sons of the same 
landed community. Moreover, this community realized at an 
early stage the importance of En^^h education and unhesitat- 
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inj^y gave tip the indigenotis system in favotir of the novel 
importation and thereby prepared themselves for the part which 
they have played in the development of Britidx trade and British 
political supremacy. What they suffered in this new adjustment 
need not be reiterated here. SufiSce it to say that this is mainly 
re^nsible for the dismemberment of the Bengali joint-family 
and the subversion of the land-economy of the country especially 
in its middle class population whereby thousands lived on the 
direct products of the land. The strong Hindu middle class 
which has been brought into existence by requirements of British 
rule and British trade forms now the pride of the country — a 
community which has its roots deep into almost every nook and 
comer of our socio-economic life. The recent recommendations 
of the majority of the Floud Commission to abolish this perma- 
nent settlement naturally raises grave doubts and graver suspi- 
cions in the minds of anthropologists about the judiciousness of 
hurrying into such a step. Such an Act, according to the estimate 
of the commissioners themselves, will involve directly about 
two and a quarter millions of Bengal’s population. Indirectly 
it would affect a much bigger niimber and its stupendous effects 
on the social and economic life of the province cannot be realized 
at this stage. Experiences of African exx>eriments should guide 
our legislators in this difficult situation and I would not hesitate 
to draw their attention to what has been said by Lord Hailey 
in comparable circumstances and referred to before in this dis- 
course. A thorough and sifting enquiry by a band of competent 
social anthropologists in urban and rural centres and among 
all classes of peoples who are directly or indirectly connected with 
the problem is necessary to assess the effects of such a revolu- 
tionary measure. It is not the task for a Commission composed 
of persons who have no personal knowledge of or contact with 
the life of the millions who have been placed at their mercy. Nor 
is it the task of the economist or sociologist alone but we require 
one who combines both these sides and something more and that 
is a sympathetic knowledge. 

Owi^ to improvement of facilities for travel and transport 
and lack of food and employment in the densely populated areas 
of advanced countries civilized people have moved and are 
still moving towards the more backward parts of their own or 
other countries. This has brought them in contact with the 
primitive peoples inhabiting the more inhospitable regions of the 
oarth. Besides this, the more intense exploitation of the natural 
resources of the country by capitalists and business corporations 
has necessitated the importation of cheap labour to mining 
centres, industrial works and cash-crop gardens of the differetit 
undeveloped areas. And cheap labour is supplied by the tribal 
peoples. This has brought into existence vast areas of culture- 
contact wherein the savage and the civilized are nowadays 
living aide by side trying to adjust themselves as far as possible 
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to each other’s cultures. But in this attempt at adjustment 
the savage has always a losing game to play. He is no match for 
bis wily neij^bour who always tries to exploit him in every way 
possible, result is the growth of a number of maladjustment 

in sooiah religious and eoonomio life of the less advanced mid 
this is undermining the strength and vitality of these i>eople. 
Here we shall consider only the legal implications of such culture- 
contact. 

India possesses a vast area of culture-contact wherein 
primitive trills from neighbouring hills and jungles have come 
down to live among its civilized peoples. All along the foot 
hiUs of the Himalayas we have a vast area of this nature. The 
border districts of Bengal towanis the east form an area of such 
culture-contact between the Mongoloid peoples of Assam and the 
Bengalis. A similar area is also met with on the western front 
of Bengal and this is practically the story of many other provinces 
of India. Besides these border areas, there are culture-contact 
regions even in the heart of a number of provinces such as 
the tea gardens of Assam, the coffee plantations of Madras, the 
mining districts of Bengal and Bihar, etc. The total population 
of these culture-contact areas of India runs into sever^ millions^ 
and this sufficiently indicates the magnitude of the problem. 

These areas are generally governed by laws which are suitable 
to the more advanced communities. But this has given rise 
to a number of maladjustments. We shall consider here only 
one such case — ^that of the Garos. A large number of people of 
this tribe have come to settle in the plains of Mymensingh at 
its northern boundary just below the Garo Hills. The dominant 
people here are the Bengalis among whom they have established 
their villages. The Garos of the Garo Hi lls are a matrilineal, 
matrilocal people among whom property is owned by the women- 
folk and men have no right over it uidess it is self-acquired. There 
is a special system of inheritance by which one of the daughters 
is selected (nokna) to inherit the property of the mother. Thia 
system worked quite satis&ctorily so long as the Garo stuck 
to their hill home where temporary hill cultivation is practised. 
Land, in this area, has no intrinsic Value of its own as the same 
plot does not produce any crop for more than 3 or 4 years at a 
stretch after which it has to be left fallow for 10 to 20 years to 
accumulate mould in order to be ready for another cycle of cultiva- 
tion. The house, another important item of property in the plains 
where it costs a lot of money, is not of much importance in the 
hills where the materials are available in the neighbouring jungles 
without pa 3 ^ent and the labour is provided in each case, free 
of charge, by the 'riUagers themselves. Besides these, that is, land 
and house, the hill Garo family of ordinary means possesses a 
few domestic utensils and agricultural implements, most of which 
are manufactured by the householder himself. Thus the 
question of inheritance does not loom large in such a community 
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aind the BOBS of the family easily go over to their wives* place 
leaving to their selected sister and her husband all the property 
of the fBJxuly. Moreover, in such communities, accumulation 
of wealth in particular hands is a rarity as the system of economy 
is not suitable to its growth. Under these circumstances the 
migration of Oaro families to the plains of Mymensingh with a 
different system of land-economy, that is, with permanently 
cultivated fields and with the possibility of accumulation of money 
in individual families, has led to a change in the outlook of Garo 
sons and their fathers. They no longer like the idea of leaving 
the permanently cultivable land to the nokna and her husband 
and a confiict has come into existence. The recent revenue 
settlement of the district has brought out the nature and extent 
of this conflict, and the Department of Anthropology of the 
University of Calcutta was invited to investigate into this 
problem. Very interesting facts have been revealed by this 
study of the Garo law of inheritance in the plains which fully 
justifies the claims of anthropology in the elucidation of problems 
of culture-contact. 

Africa shows innumerable problems of culture-contact 
in connection with law and justice in its different areas. At 
the invitation of the Bechuanaland Protectorate Administration 
Prof. Schapera studied the laws and customs of the Tswanas and 
showed that a proper understanding of them depends on an 
examination of the nature and functions of the political, terri- 
torial, kinship, age and class groups. This relationship between 
different persons and groups form the background of primitive 
law. Law in primitive society does not depend on State sanction 
alone but has its roots deep in the life and traditions of the people 
and stands on sanctions of a very different nature some of which 
are automatic, others magico-religious and the rest derive their 
sanctity from public opinion. This is the secret of primitive 
administration. Without an executive authority or sometimes 
even a judicial body, law and order are maintained in primitive 
society as if automatically. This is why we advocate the 
employment of social anthropologists both in the administration 
of the old laws and the promulgation of new ones. This is no less 
applicable in case of advanced communities. Legal measures 
affecting the economic system of the country are referred, as 
a rule, to the specialist in that particular branch of economics 
which is affected by the measures. But this is not the custom 
in India, at least, when social legislation is attempted. The 
specialist is not consulted but the opinion of the lay public and 
the whims of our legislators decide the fate of such measures. 
Moreover, the Government do not possess any information,- 
beyond what is supplied by the Census Reports, on the socio- 
reUgious life of the people. I need not dilate on the character of 
the information supplied by these Census Reports and. the nature 
of their origin as they are well known to all of you. 1 have 
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already stated that society is as it wore a complex organism and 
when you strike such an organism at any one part, all other 
parts respond to it almost immediately. The large number of 
traits — social, economic and religious — which compose the 
society are all intimately interlinked and the social scientist 
has made it his business to study this system of linkage and is 
thus able to indicate how these links will behave when one of 
them is affected by a piece of legislation. The opinion of laymen, 
however erudite and considerate they may be, will at best take 
into consideration a few aspects of the question which have 
possibly come under their personal knowledge and not the whole 
system of linkage. The social scientist on the other hand draws 
upon the accumulated knowledge of his science and shapes 
hfe views according to this knowledge and his own experience 
and the requirements of the particular case. He also requires 
help and this in the shape of detailed information about 
particular problems and general sociological knowledge of the 
country in which his sphere of work is limited, ^is leads 
us to the question of an intensive sociological survey of the 
country. As social scientists we must arm ourselves with a 
detailed knowledge of our society scientifically collected by a 
band of trained men under expert guidance so that we may in 
turn arm our traders, industrialists, legislators, educationists, 
social reformers, and administrators, to fight in their respective 
fields. Society is not a static body; it is always changing 
and this corpus of knowledge accumulated at a particular 
period of our national life must be kept up to date by recording 
the changes constantly taking place in our life. This is how 
social anthropologists can help the country in the promulgation 
of new laws and this is where they should be consulted if we 
wish to avoid dead laws and half-hearted measures. 

Anthbopology m Education 

Educating the primitive is a dangerous task: it is beset with 
numerous difficultiss which are hardly realized by anybody 
except the anthropologist. In culture-contact areas it assumes 
even greater complexity. The Report of an Educational 
CJonference of the Pacific region ^ points out how effectively 
it moulds ^native institutions, standards of living, moral codes 
and inherent values’, and claims that it is more potent than 
even the direct attach by the State and economic factors. The 
Conference frankly admits ‘that when we institute a system of 
education we do not know precisely what we are doing’. It 
pointed out how the anthropologist can serve the educationist 
oy placing at the latter’s disposal the results of investigations 

1 WdueaHon ii€ Pacific Countries by Felix M. Keesing, Professor of 
Anthropology, University of Hawaii, Oxford University Press, 1938. 




<18) Sedion IX^ Afiihfx>p6logy. 261 

into indi^nous cultures especially his knowledge about the 
inter-relation of social, economic, legal, religious and political 
ties which are the main supports of the community. Investi- 
gators in j^ca also sing at the same strain. Mr. H. S. Scott, 
in a discussion about East Africa, remarked that though anthropo- 
logical knowledge has been utilized for administrative purposes 
to a certain extent, it has not been drawn ujwn for education 
of the primitive children in Africa. The result, according to 
bim, is subversive of native interest. Major Hanns Visoher, 
Educational Adviser to the Colonial Ofl&ce, drew attention to 
the necessity of inculcating a moral code as an element of native 
education. The introduction of Islamic or Christian moral 
codes in native educational system of Africa does not meet with 
his approval. Comparing the West African students in London 
with the graduates of Achimota, he remarks how the former 
suffer from lack of a code of values of their own which only can 
support a man when ho is separated from his own environment. 
The graduates of Achimota, according to him, on the other 
hand, having been trained to regard native customs and tradi- 
tions as worthy of respect, are not subjected to this limitation. 
Major Vischer urges the anthropologists to work out a morality 
based on present sociological realities which, he hopes, will fulfil 
a serioiis want in the native education of Africa and will sub- 
stantially help to smooth the clash between modern morality, 
imported by natives brought up in European contact or trained 
in Christian schools, and tribal morality. 

In the matter of tribal education India does not differ 
much from Africa. Rather, the problem is more complicated 
here. In our country, besides the activities of the Christian 
Missionaries we have to reckon with the institutions of the ad- 
vanced Indians who also have been subjected to a system of 
education which can hardly be characterized as suitable to their 
manners of life, congenial to their traditions, or helpful in the 
solution of their national or individual economic problems. 
To-day I shall not deal with the educational problems of the 
advanced Indians though, I may assure you, the anthropologist 
has a definite part to play even in this sphere of our national 
activities but I shall confine my remarks to the tribal com- 
munities of India. 

We have already remarked how the various tribal com- 
munities of India have come in contact with the advanced 
Indians and the Europeans. Attempts have been made to 
educate the primitive children both by the government of the 
country and by various philanthropic individuals and institu- 
tions the most important among the last being the Christian 
Missionaries. I reserve my remarks about CUristian Missionary 
education for a later section. 

Education is perhaps rightly claimed as the panacea of all 
evils that befall mankind. But people differ in its definitioD, 
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and naturally it different types. There is one kind of 
education which uplifts the individual morally and intellectually 
and makes him, fit for the struggle for existence. There is 
another kind of Vacation which is intended for the exploitation 
of the so-called educated. There is a third type of education 
which the enthusiasts in their zeal for ameliorating the condi-* 
tion of the poor and the ill-fated impose upon them without 
considering their necessity or capacity. We have neither time 
nor inclination to discuss this point here but suffice it to say. 
that much labour and more public money have b^n squandered 
and are still being squandered in imparting education which does 
neither suit the people nor help them to put a morsel of food 
into their mouth. On the other hand, it often creates a group 
of drones in the society who disdain labour of all kinds being 
proud of their so-called education and live as parasites. Where 
the imposition of a particular system of education is due to 
wilful commission, we have nothing to say but where it is not 
BO, the anthropologist can, no doubt, help the educationist with 
bis advice. 

Speaking about the type of education worth imparting 
to American children the multi-millionaire motor-monarch 
Mr. Henry Ford, who turned an amateur school-teacher at the 
age of seventy-five after his retirement from business, remarks 
^^^ucation is not something to prepare you for life, but 
rather a part of life itself. Bering should go hand in hand with 
learning. These little children in school, earning money with 
their vegetable garden ; teaching each other their own experiences ; 
helping each other to plant and cultivate, — ^T hby are getting 
Rbal education. For, true education consists in learning to 
do, by doing; learning to help, by helping; learning to earn, by 
earning. ’ This is from the pen of a man whom we may regard 
as a true representative of the materialistic West and who has 
risen fix>m the masses and built up his fortune inch by inch by 
dint of his own labour. Now let us see what the spiritualistic 
East regards as the true type of education for modern India. 

* as to primeu^ education my confirmed opinion 

is that the commencement of training by teaching the 
alphabet and reading and writing hampers their intellectual 
growth. I would not teach them the alphabet till they have 
had an elementary knowledge of history, geography, mental 
arithmetic and the art (say) of spinning. Through these three 
I should develop their intelligence.’ ‘As to the necessity and 
v^ue of regarding the teaching of village handicrafts as the 
pivot and centre of education I have no manner of doubt. The 
method adopted in the institutions of India I do not call educa- 
tion, i.e. drawing out the best in man, but a debauchery of the 
mind. ’ This is the opinion of Mahatma Gandhi. Now we may 
ask, is there any fundamental diSerenoe in the views of these 
two great men of the East and the West ? We, however, do not 
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find any. We are to remember that this system of education is 
advocated for the children of the advanced people and if you 
visit the tribal areas you will realize how much more imperative 
it is for them. An example from one of our tribal zones will 
clearly bring out how blindly we are following the trodden 
path. 

The Valley of Manipur surrounded on all sides by lofty hill 
ranges is a secluded spot where its inhabitants have developed 
a culture of their own under ancient and medieval Hindu in- 
fluence. The land is very fertile and the people are mainly 
agriculturists. The Manipuri women are reputed for the textiles 
they weave on their simple looms. Thus, the people do not 
suffer &om want of food or clothing. The few other industries 
and trade are subservient to these two basic occupations. Here, 
a few Hi^ En^ish Schools have been established for the boys 
and one for the girls too and there is an attempt to establish a 
college. A net-work of primary schools exist throughout the 
State. I found two such institutions in two Kuki villages and 
there are many more in other villages inhabited by the hill 
tribes. The two schools I saw used to teach their students how 
to read and write Meithei besides a little arithmetic, which they 
managed to forget within a few months after their departure 
from the school. This I say from personal experience. We 
cannot understand how this type of education can benefit the 
Kuki boys. It does not help them to earn a single farthing nor 
does it teach them the means of improving their agricultural 
methods on which their life depends. It is rightly argued that 
primary education opens the vistas of knowledge to the illiterate, 
but not to those who forget whatever they learn within a few 
months of their leaving the school. This requires a tradition 
and other extramural facilities which the tribal society lacks. 
In a press communique issued by the Madras Government on 
26th June, 1937, just before the Congress minist^ took over 
the charge of government we meet with the following remarks : 

* In the whole of India 74 per cent of those who attend prima^ 
schools fail to reach class IV where they may be said to attain 
permanent literacy. In Madras the wastage is as much as 69 
per cent, in the United Provinces and the Punjab 76 per cent; 
Bombay 69 per cent and C.P. 62 per cent are better, but Bihar 
and Orissa with 86 per cent and Bengal with 80 per cent wastage 
are the worst.’ If this be the percentage of waste among 
people who include both advanced and tribal groups, you can 
easily imagine the condition among the latter group alone. 

This system of educating the aboriginal is at best futile and 
results in useless expenditure of money. Further it is difficult^ 
to understand how h ig h school education wiU help Manipuri 
agriculture or textile industry. The employments at the disposal 
of the State are very limited and the students who pass out 
of these schools every year will increase the number of the 
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uiiemployed as they no longer think of going back to their fields. 
Ihaing the first few years they will be idolized by the com- 
mtinity but this will soon pass away when they will be^ looked 
upon as parasites and it is not impossible that they will be a 
source of trouble to the State. The education which was 
intended to produce a race of clerks for the East India Company 
has no justification for its introduction in a Native State like 
Manipur. Instead of copying what has been forced upon 
Bengal, Manipur could have evolved a type of education suitable 
for its subjects with a view to improve the two main occupations 
of the people, namely agriculture and textile industry. 

In Mfi^pur every girl has to learn weaving if she wants to 
get married. Every one tides to excel every other in this art. 
Thk was and this still is the ideal of Mampuri womanhood. 
But the establishment of a high school for the girls is sure to 
affect adversely this homely and useful ideal. In a few years 
more, I am a&aid, the ideal \^e will be one who knows how to read 
and write and not she who weaves well and an old useful industry 
will be sacrificed at the altar of so-called modem cidture. 
Mrs. Sylvia Leith-Eoss in her study of the Ibo Women of Nigeria 
refers to a similar effect brou^t about by English education 
spread by Christian Missionaries. Though a higher bride-price 
is olaim^ for girls with this type of Question even to-day, 
yet already Ibo men have begun to prefer uneducated wives 
who are less e^^nsive but more efiBicient. Men and women 
contribute equally to the solution of the bread-problem among 
the Jbos and the present system of education which merely 
trains the girls to play the part of fine young ladies lead them 
and their husbands to more and more uncomfortable situations. 
If you investigate the missionary attempts in the District of 
Banchi in Chota Nagpur to educate the tribal people you will 
perhaps find the same condition. 

Insides helping to find out the proper type of education 
to be imparted to a people anthropology may also assist in 
creating suitable teachers for such areas and this is equally 
important. Juvenile mind is attracted by sympathy and a 
successful teacher is one who can attract his students. We 
have already stated that sympathy is bom of knowledge. When 
a teacher from a higher cl^s or culture comes to a school where 
the students are recruited from a backward people he generally 
assumes a patronizing attitude and often looks down upon his 
pupils. Though this may not find any outward expression yet 
every student realizes it in a very short time almost instinctively 
and this makes them apathetic or even sometimes inimical 
towards the teacher. Love and respect of the students are the 
two most important assets of a teacher. His success depends 
on them. Moreover, if a teacher is not acquainted with the 
home-atmosphere of his students it is difficult for him to combat 
with the evils which originate there. Thus character and 
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knowled^ are the two most important factors in the make-up 
of a good teaoher and this is dependent to a great extent on 
Anthropology. 

Anthropology and Social Ssrvice 

In recent years a number of philanthropic or religious 
missions have sprung up in India among the children of the soil. 
But they cannot be compared with the Christian Missions of 
Europe and America either in magnitude, organization or 
influence. In spite of this, the Indian organizations are slowly 
gathering stren^h and they have a fair field and fruitful future. 
Thou^ these Missions are now being worked by philanthropic 
people who have devoted their lives to the service of suffering 
humanity, yet this stage is sure to pass away and will be follow^ 
by a more organized one when specially traine^ci people will be 
necessary to carry out the work. In Europe and America, 
missionary work has provided employment to a largo number of 
students of anthropology and India also will provide the same 
in the near future. 

Missionary work may be classified into different categories 
according to the mam aim and ideal of the group. There are 
social missionaries, political missionaries and religious mission- 
aries. But each one of them combines the functions of the 
other two to a certain degree and so each class is equally potent 
to bring about good or evil to the people among whom it works. 
They represent disruptive forces and the very nature of their 
work is responsible for this character. They introduce nev' 
ideas about social behaviour, political thoughts and religious 
beliefs and practices. The established order of the community 
is attacked at different points — ^points which are compcwativoly 
more vulnerable — and a breach at one region is the precursor 
to more at others, and at last the deluge comes. The less 
advanced the community the more exposed it is to the preachings 
of these missionaries. I do not, however, deny that many of 
these bodies have rendered ideal service to our less advanced 
brethren. They have brought medical relief to thousands of 
Buffering hmnanity, they have introduced hundr(?ds of thousands 
of our ignorant brethren into the mysterious temple of the 
goddess of learning and they have put food into the mouth of 
millions of starving population. It is all true but all these have 
not been given free; for every i)atient relieved, for every letter 
learned and for every morsel of food a price has to be paid. It 
is high time to examine both sides of the scale, to find out 
whether the price paid is commensurate with or exceeds the 
so-called gift. For this purpose we shall not subject to an 
examination the Indian missions which are more or less weak 
imitations of the Christian missionary organizations of Europe 
and America, but shall assess the value of Christian missionary 
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work and that not in India but in Afirioa beoande Dark 
Continent perhaps shows the maximum activity of these Mis- 
sionary organizations and there has been practically wholesale 
conversion in particular areas and tribes. There are, in AMca, 
tribes with authentic records about social, economic, political 
and religious q/^stems of pre-Christian da 3 ^ and trained anthro- 
pologists ^ve studied such groups in recent years with a special 
view to find out the efiects of ^ristianization. Such a group 
is the Baganda of Uganda and Dr. L. P. Mair in assessing the 
effect of Christianization writes, ^ Christian missionaries have 
set their faces against all the patently “uncivilized” aspects 
of native culture, whether or not they were directly forbidden 
by the Scriptures: they have opposed polygamy, slavery, the 
payment of bride-price, initiation ceremonies, dancing, wailing 
at funerals, and the belief in magic, along with human sacrifice 

and the exposure of twins yet, to the anthropologist 

who sees culture as an organic whole, even those institutions 
which seem in terms of human suffering most cruel will be found 
to have some place in the maintenance of the society, such that 
their uncomprehending destruction must carry with it the loss 
of essential elements in the social structure; wMe the condemna- 
tion of others will prove often to be due to mere failure to re- 
cognize their positive value/i According to the same author 
there are factors of great importance for the individucd for 
which control is provided by magic. Christianity does not 
supply any substitute for it. Cure of disease, faithfulness of 
a vdfe, capacity to pay off debts and success in business are a 
few of these factors for which Christianity has failed to replace 
magic. In the same society Christianity has destroyed beliefs 
about automatic supernatural punishments especi^y those 
relating to unchastity. The result is laxity in sexual morality 
and Ch^tianity has not been able to set up the moral standard 
of European society in this African community. In conclusion 
Dr. Mair writes ‘ !^garded strictly in its religious aspect, as a 
system of beliefs and practices to which man turns for re- 
assurance in facing the unknown and confirmation of his moral 
standards, it is very difficult to judge how far Christianity has 
really been assimilated into Baganda culture. ’ ^ 

In another atea, Malaita, in the Solomons, Christianity is 
firmly rooted probably owing to certain similarity with the 
heathen past. StiU it has caused disintegration in several aspects 
of native social Mfe. Christian schools are responsible for the 
impudence and laziness of the students, ^e children no 
longer respect their parents and help thmn in their leisure hours 
but merely play and roam about for long hours after the lessons 
are finidi^. Attempts to stop it have proved futile. Dr. H. I. 


» L. P. Mair — ^An African People In the Twentieth Century, p, 3. 
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Hogbin who studied these islanders informs that young people 
in mission areas develop interest in sexual matters at an earlier 
age.^ He records a number of cases of sexual unohastity among 
young folk leading to premarital pregnancy. ‘ Nowadays 
when an intrigue is discovered the teaoliors and parents usually 
insist on marriage of the couple’. But older i>eople are horrified 
and chafe at being prevented from killing the delinquents. 

We are ready to believe that the missionaries begin their 
work with the best of intentions but good n ill is not sufficient 
safeguard against unconscious or ill-judgeil measures,. When 
you once let loose the forays of disruption there is no moans of 
knowing how far they will go and when they will cmso. Thus 
bride-price as an institution has received attention from the 
missionaries in the Solomon Islands. It has been prohibited 
as an evil custom among the converts. Dr. Hogbin writes 
have myself heanl a missionary deplore fact that the 
natives have such little regard for their women as to buy and 
sell them like pigs. He was under the impression that the 
transfer of valuables gives the husband the right to treat his 
wife just as he pleases.’ Tliis is far from the trutli. The 
parents of the girl who receive the bride-price do not hoard it 
for their personal use but distribute it among relatives ‘so that 
if wealth flows out of the kinship group when the men marry 
it flows back again with the wedding of the girls’. But out of 
this transaction society in the Solomon is endowed with an 
important social control. Belief in magic .and anct^stor cult, 
and payment for brides are the most effective sources of the 
authority of the elders over the youth. The Church in this 
particular area realized it too late and a compromist) w"i ^ effected 
in 1929, when bride-price was allowed but fixed at three tafulVae 
(approximately worth two pigs). But this has not solved the 
problem as the amount is too low and c;an be earned by any 
normal youngman who vdll not have to depend on his relations 
for this. Thus the new measure does not establish the insti- 
tution at its original position. ^ Dt^pendenct^ of the youth on the 
aged is a strong link in the social management of JVhtlaita and it 
cannot be destroyed without disturbing the other social traits 
which are linked with it. Polygyny is another institution 
which has met with • the disapproval of the (church in some 
Melanesian Islands. The missionaries have even induced the 
Administration to ])rohibit it in particular areas. In the Tro- 
briand islands 8 the prohibition of polygyny undermined the 
position of the chiefs by robbing therri of tlu^ most important 
source of income and led to subversion of native authority and 
caused general disorder. This shows hov^ even a perfectly 


1 II. I. Hogbin — Experiments in Civilization, p, 204, 

^ H. 1. Hogbin — ibid,., pp. 212 and 213. 

* Malinowski-~Sexual Life of Savages, pp. 1 10 and 114, 
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desirable and beneficial measure from our standpoint may be 
injurious to a community with a different social system. These 
are only a few instances of such maladjustments brought about 
by missionary attempts. So far as regards well-intentioned 
attempts without a knowledge of the situation.^ 

The motive which guides the Christian missionary as well 
as the realm of his duty and obligation are beyond the jurisdiction 
of scientific criticism but not so his methods. The missionaries 
have accumulated much anthropological knowledge but they 
have used it less. A distinguished missionary-anthropolo^t 
speaking of missionary methods writes that the ‘missionaries 
have regarded themselves as agents of Emopean civilization 
and have thought it part of their duty to spread the use of 
English language, English clothing, English music — ^the whole 
gamut of our culture. They have confounded Christianity 
with western civilization. In my opinion this is a mistaken 
view of the Christian mission. It is not his business to substi- 
tute European tribal customs for African or Polynesian. But 
unfortunately they have made this attempt in most of the 
places where they have been commissioned to carry the message 
of Christ. Charles Jhonson a distinguished missionary of 
Zululand — ^not an anthropologist — declared in unequivocal 
language how this method had been carried to the farthest 
extreme. He wrote ‘the missionaries were the products of their 
time. The European consciousness of superiority to the Bantu 

was a very marked feature of that period No one 

tried, as far as can be judged, to learn what there was of good in 
the Bantu system of life and conduct, and to sublimate it by 
infusing Christian doctrine and ethics into it. The central 
idea was to prise individuals off the mass of the national life, 
rather than to leaven the whole nation with Christian teaching. 
When so prised off the individuals were gathered into missionary 
reserves and no longer permitted to take part in the life of their 
nation.’ It is of course claimed that this criticism of a past 
age does not hold good for the present, nor for all regions. Un- 
fortunately it is still applicable to India and this has been evi- 
denced by no less a person than a provincial director of ethno- 
graphy — ^himself a Christian Englishman and a high government 
official. 

We are not in a position, at present to assess Christian 
missionary work among tribal people of India, as neither the 
Government nor the public have xnade any serious attempt to 
subject this kind of work to a syetieinatic study by trained people. 
But the attempts of the Christian Missions among Harijan 
people have received some attention from political leaders and 
reports of their work have come out in the press. These, after 


^ Vol. LXIV, 1934 — Preeidential Address by Rev. E. W. 
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all, do not show them in a good light. It appears that the 
Christian Missions in their zeal for conversion have lost sight 
of their ultimate aim. They have misconstrued the means for 
the end. Instead of making it their life’s work to carry the 
message of universal and eternal love to the suffering humanity 
which the Son of God was commissioned to bring to this world 
they merely spend all their energy in inducing people to go 
through the ritual of baptism. Such conversions are not the 
effect of a real change of mind brought about by true Christ is n 
teachings which claim to enlighten the soul and to satisfy its 
craving for eternal love and knowledge. On the other hand, they 
are occasioned by worldly inducements of momentary im- 
portance. The result is that the converts often flock back to 
their old fold as soon as the temporary need is removed. The 
very nature of these en masse conversions proves the truth of 
the above assertion and indicates the state of mind which in- 
duces such conversions. I shall give onl 3 ' two instances of tliis 
conversion for conversion’s sake. 

In 1936 a Roman Catholic Mission came to Arrah and 
began work. At first they tried to bring to their denomination 
the Protestant converts of the locality and were successful 
to a certain extent. But later they turned their attention 
to the Hindu Harijans. Their method is to visit a village 
and make themselves familiar with its inhabitants. Next 
they establish a school with a Haiijan teacher who is either 
himself an influential man of the locality or has an influential 
relation there. Thus they bide their time until a tension 
ensues between the Harijans and tlu) other inhabitants of th(‘ 
village or a litigation starts between the two grou ^^. Then 
they side with the Harijans, give them money and advice. 
‘They are thus hailed as saviours and conversion follows as if 
to repay the obligation.’ In thana Piro they converted about 
460 persons within a period of a little over one year. ‘The one 
remarkable feature of these recent conversions is that they take 
place en masse. Whenever a village Harijan leader accepts 
the new faith almost all belonging to his clan follow him. Some- 
times an influential Sardar is instrumental in converting pc^ople 
of his community living in several villages.’ Such (*on versions 
were not due to convictions but to socio-economic reasons which 
were not far to seek. Success was due to the peculiar situation 
in which social disabilities and economic iniquities had disturlx^d 
the mental equilibrium of this oppressed social group.i 

Here is another instance of such conversion. In Salem 
District during 1939 Harijans were being converted by the 
Christian Missions on a mass scale. The caste Hindus decided 
not to employ these converts during religious festivals or social 
ceremonies such as birth, marriage and death, or even in 
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agricultural works* This meant a substantial loss of income both 
in cash and kind to these converts. The result was that many 
of them sought reconversion and came back to their former 
fold. ‘This is due no more to a change in belief than their first 
conversion was. Prospects of material gain lured them to 
Christianity; actual loss of employment compels them to come 
back. Thus during 1939 as many as 163 people from three 
villages have been reconverted here, while many were recon- 
verted in other places ’ i These two instances clearly 

indicate the aims and methods of at least some, if not all, of the 
Christian Missions working in India. Another significant fact 
about Christian missionary work in India is its utter failure 
among the middle and the upper classes. This shows its 
weakness. It is not conviction which attracts people to 
Christianity but lure of worldly gain. Africa also testifies to 
this fact and anthropologists working in different parts of that 
continent have repeatedly attracted our attention to this feature 
of Christian conversion. 

Christianity has been adopted by subject races when it has 
been presented to them by members of the governing nation, not 
bt^cause of its inherent merits but because of its material advan- 
tages. The white man’s wealth and his mechanical mastery 
over natural forces produce a sense of inferiority and dazzle 
eyes when first viewed. When they realize that the way to 
this wealth is through the school they assemble at its door and 
begin to devour without discrimination whatever is placed before 
them, ‘In the light of new knowledge the old traditional life 
is easily despised. The ancient language appears barbarous 
Old customs, old loyalties are thrown over- 
board,’ To what an extent this systematic denationalization 
runs can be gathered from the fact that in certain parts of 
Africa ‘not a single African leader considered it possible for 
anybody to be at once a Christian and an African If this be 
the real position, it is now time to stand and reckon whether this 
vast amount of wealth in men and money can be employed in a 
better and more profitable manner. 

Fortimately, we hear, there is a change in the attitude of 
the missionaries at least in other countries. They have realized 
the existence of valuable traits in native culture and are now 
trying to make a synthesis of European and local cultures 
through the schools and missions. This new attitude demands 
closer co-operation with anthropology. Sublimation of local 
traits needs careful research into the nature of local institutions 
and beliefs whose essence is proposed to be conserved in the new 
synthesis. This, no doubt, pushes the missionaries into the 
embrace of the anthropologists for help in discovering the vital 
elements of culture. Already the Protestant missionary societies 
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have established their own Department of Social and Industrial 
Research. The International Institute of African Languages 
and Cultures owes its origin to a group of missionaries and their 
friends. Missionaries on furlough now attend h'ctures on an- 
thropology and already there are in the field a nunibiw of aoa- 
demically trained anthropologists in the service of the different 
Missions. Dr. Hogbin of Sydney University wrote in 1939 that 
‘the Department of Anthropology in the University of Sydney 
during the last few years has trained over seventy candidates 
for the mission field in New Guinea, Papua, Fiji and Australia. * ^ 

I wish to attract here the attention of our Indian missionary 
organizations especially those which are engaged in work among 
primitive tribes. They are to take lessons from their compeers 
of the other faith. They also may fall into the same traps which 
have proved ruinous to their Christian brethren. No doubt they 
are nearer to their subjects in colour, faith .ind social values. 
There is of course no abrupt break betwetui the primitive and the 
advanced in India ; one gradually merges into the other through 
the intermediate grades of the so-called exterior casU^s. This 
is to their advantage as it helps them to realize the mental 
make-up of the primitive more easily. But this should not lull 
them to security. There are innumerable pitfalls and they 
must be armed with knowledge to avoid them. Wo have already 
stated that most of the Indian organizations are worked by men 
who have shouldered the task out of sheer love and sympathy 
for the suffering humanity. They have not boon attracted by 
any hope of emoluments. But this condition cannot and will 
not last for ever. A time will come when paid workers have to 
be employed for this type of work. But as it stands «t present 
we have the unique opportunity to utilize this arniy of self- 
sacrificing spirits for the purpose of social service throughout 
the country. The material is no doubt good but it roquin^s 
propt*r moulding and this can bo accomplished if our Universities 
take up the task. Training is necessary for every kind of work 
and social service is no exception. The Universitu^s by oi)ening 
Social Service Classes imder suitable tt^achers and by providing 
for instruction in a number of subjects such as rural hygiene, 
rural sanitation, adult education, co-operation, \illag(‘ industrk'S, 
etc., with anthropology at their forefront, may give a new 
orientation to this branch of our national activities. 

Anthropology and Administration 

The importance of anthropological knowledge in adminis- 
trative affairs is recognized nowadays by diff(‘rent coiuiiries 
especially by those with a section of tribal population. In 
India, according to the last Census operations, we have a tribal 
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population of more than 22 millions out of a total population 
of a little over 362 millions or in other words out of every 16 
persons one is an* aboriginal. These people occupy the most 
inhospitable regions of our country. Their habitat extends 
over deep forests and steep hill ranges where they eke out a 
miserable existence. Away from the ken of civilized men 
and unaware of them these children of nature silently fight 
with inhospitable environment and wrest from it the barest 
minimum necessary for keeping body and soul together. • 
They have no idea that the State has any responsibility 
towards them or that their poverty is in any way connec- 
ted with the activities of their more prosperous neighbours. 
They attribute their ill fortunes to the machinations of evil 
spirits and remain satisfied with making offerings to them. 
But their ignorance is no excuse for us. The Government of 
the country as well as the educated public have no justification 
for shutting their eyes from the miseries of these simple people. 
We have both legal and moral responsibility for these 22 millions 
of wretched souls. In India, the aboriginal tribes have to face 
tw'o sets of exploiters: there are the foreigners to whom every 
Indian, whether savage or civilized, is equally exposed, and 
besides them there are the advanced Indians, who have estab- 
lished themselves in various capacities in the midst of the 
aboriginal population and are advancing their own interest at 
the expense of the savage. The Indian aborigines thus require 
double protection — protection from both internal and external 
exploiters. This has been acknowledged, in theory at least, by 
the British Parliament. The Government of India Act, 1936, 
provides (in Sections 91 and 92) for declaring these tribal tracts 
as ‘excluded or partially excluded areas’ and they have been 
placed under the direct charge of the Provincial Governors. 
Such areas are free from the jurisdiction of the ordinary adminis- 
trative machinery as well as the Provincial and the Central 
legislatures. This means a different administrative system 
intended to provide protection to the aborigines from the repre- 
sentatives of the internal exploiters. But it has not saved them 
from the foreign exploiters. Moreover, the type of administra- 
tion set up for these areas does not differ much, in essence at 
least, from what was in existence in the past or what we find 
outside these areas at present. These are half-hearted measures 
which look well in administrative reports but do not help much 
in actual life. The inadequacy of these measures will appear 
from a comparison with the steps taken in other parts of the 
world as for example in Africa, to improve the condition of 
the tribal people. 

In Africa the European nations have come in intimate 
contact with the tribal people and an experiment of great 
magnitude and of immense human interest is going on there in 
the matter of administering the aboriginal population. A 
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brief reference to tl^ may give us some idea of what possibly 
can be done in India in the same sphere with necessary altera- 
tions. * The central problem which faces Government in East 
and Central Africa is to discover a bash on which white and 
black, with Asiatics as well, can live together under conditions 
of rapid economic change and with adequate opportunities for 
political development.’ The policy of Parallel Institutions 
provides according to a large number of thinkers the best solution 
of the problem. This policy is often known as Indirect or 
Dependent Rule. It has been long perceived in Africa that 
under Direct Rule, the tribal organizations with their customary 
laws and traditions either gradually disintegrate or are forced 
underground where they tend to take the form of anti- 
governmental organizations and secret societies. This led to a 
change from Direct to Indirect Rule which was initiated from the 
beginning of this century. As a result, the greater part of tribal 
Africa is now being administered on this principle. What are 
the essential points of this Indirect Rule? In the language 
of Miss Margery Perham ‘ it is a system by which the tutelary 
l)ower recognizes existing African societies and assists them to 
adapt themselves to the functions of local government. ’ It aims 
at developing local institutions under advanced guidance It 
does not intend to keep them in a static condition but wants to 
develop them within the framework of native society so that 
they may conform to civilized standards. Now, this policy 
of Indirect Rule cannot be applied to administrative activities 
alone. If it is to be successful it must be applied simultaneously 
to other spheres as well such as social organization, education, 
religion and economic affairs. 

What is the relation between this new policy ano anthro- 
pology ? In one word it may be characterized as an experiment 
r\ applied anthropology. Though it will be too much to claim that 
the policy of Indirect Rule in Africa originated from anthropo- 
logical knowledge, it is clear that its extension has been preceded 
by wide anthropological research on which it was certainly based. 
To take an instance, in Northern Nigeria officers were required 
to come in close contact with the natives and collect materials 
on their life while preparing the tax-roll. Rev. E. W. Smith, 
once President of the Royal Anthropological Institute, referring 
to this custom writes — ‘ The material thus collected formed 
the basis of the policy of government which sought to work 
with and for, and not against, the natural and national evolution 
of the peoples. So it was found possible to extend Indirect 
Rule to pagan oommunities whom few at one time would have 
expected to be susceptible to this mode of government. In 
later years efforts have been directed to estaWishing the same 
system in the southern provinces of Nigeria after painstaking 
investigations into the indigenous forms of clan or tribal control. 
In the Anglo-Egyptian Sudan, Gold Coast, Northern Rhodesia 
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and Nyasaland it has also, in varying degrees of completeness 
been i^tituted*’ After the Great War this system was intro- 
duced into the mandated territories under Britain where a 
consistent and patient attempt was made to resuscitate the 
indigenous mode of government. This is the story of Cameroons, 
Togoland, and Tanganyika Territory. 

How far and in what manner anthropological knowledge 
can be axiplied to problems of tribal administration has been 
experimented upon among the Hehe tribe of Iringa District in 
Tanganyika Territory for a period of one year. The District 
Officer Mr. Bruce Hutt referred his administrative problems to 
Mr. G. Gordon Brown the anthropologist who had been conduct- 
ing anthropological field-work among the tribe for some time 
past. They followed the principle laid down by Prof. Mali- 
nowski that 'the practical man should be asked to state his 
needs as regards knowledge on savage law, economics, customs 
and institutions: he would then stimulate the scientific anthro- 
pologist to a most fruitful line of research, and thus receive 
information without which he often gropes in the dark*. They 
dec ided to collaborate on the basis that the administrator will 
make practical decisions on the information supplied by the 
anthropologist on whom he will fully rely as to the accuracy 
of the information. The latter also, on his part, would not 
question the decision of the administrator in case of a difference 
of opinion provided all the informations have been laid before 
him. The result of this experiment was published in the form 
of a book called Anthropology in Action : An experiment in the 
Iringa District of the Iringa Province, Tanganyika Territory in 
1935 and shows how successfully anthropological knowledge 
can be applied for administrative purposes. 

The works of the Fellows of the International Institute of 
African Languages and Cultures have proved beyond doubt the 
vidue of anthropological knowledge in practical administration. 
The Report present^ to the Rockefeller Foundation on the work 
of this Institute (July 1, 1931 — June 30, 1939) claims that 
' The Governments, indeed, of some of the territories in which 
the Fellows have worked have shown themselves anxious to 
obtain their further services*; that Dr. Margaret Read has 
begun *a study of 'the effects of the emigration of adult males 
on village life* in Nyasaland at the request of the Government ; 
and that Dr. S. F. Nadel has been appointed Government An- 
thropologist in Anglo-Egyptian Sudan and is at present working 
in the Nuba Province. The Government of Northern Rhodesia 
'set up in 1937 the first institute for systematic sociological 
research in colonial Africa’, though its formal inauguration 
has been deferred till 1940. This is the Rhodes-Livin^one 
Institute with its headquarters at Livingstone. The govern- 
ment supplies 52 per cent of its funds whffe the rest is derived 
from munificent donations from commercial and industrial 
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organizationB. Already two anthropologistB are working under 
this Institute in Northern Rhodesia and more will be appointed 
with the increase in funds. The same Report states ‘ The 
Fellows have been asked for advice on special subjects by the 
Governments of the territories in which they were at work. 
To give some examples, Dr. M. Fortes was asked by the Govern- 
ment of the Gk>ld Coast for a report on marriage law among tlie 
Tallensi, and he also prepared a plan for the new constitution 
for the Tale Native Administration, which became the basis 
for the constitution introduced in 1936. In Nigeria Dr. Nadel 
was consulted on a number of subjects.* He ailvised the 
government about the ‘traditional system of village political 
organization among the Nupe and the possibility of using it 
for purposes of modern administration. He also dealt with 
questions relating to the adoption of special pagan courts in 
addition to the existing Muhammadan courts of the Emirate, 
the reorganization of the town administration of Bida, the 
earning power and income of the inhabitants of Bida in connet‘- 
tion with a reassessment of taxation which was contemplated, 
and questions of agricultural technique as they affected a 
Government 8(*heme for introducing mixed farming. Dr. Wagner 
was asked by the Government of Kenya fi^r advice and 
information on problems of Kavirondo land tenure * 

The same intimacy between anthropology and administra- 
tion has been demonstrated from another quarter. Th(‘ work 
of Dr. Raymond Firth in Tikopia, a small island in the Pacific 
with a population of twelve hundred souls, show s how the ‘ tradi- 
tional equilibrium between population and food 8up})ly was 
maintained, among other things, by ‘‘a celibacy in whic*!' chastity 
was not enforced**, by “a discreet infanticide**, and uy war*. 
Now this equilibrium has been upset by the Christian mission- 
aries and the government. The former by discouraging pre- 
marital sexual intercourse has introduced earlier marriage 
leading to a greater number of progeny and the government 
have prohibited infanticide and war. Dr. Firth })redict8 over- 
population and famine at the end of another generation, if not 
earlier, if this rate of increase continues. Thus the Government 
is forewarned one generation ahead and it is the duty of the 
State to be forearmed. Dr. Firth points out in the same con- 
nection what alternative measures might be adopted such as 
agricultural development, migration, encouragement of birth- 
control, showing at the same time the inherent diflBculties in 
each case. Thus the anthropologist has amply justified his 
claims about the value of technical information for govern- 
mental purposes. 

We in India are also faced with the administration of a 
huge tribal population and with the advent of popular govern- 
ment, it is high time to move in the matter and see what improve- 
ment is possible in India. For this, at the first instance, a 
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thorough anthropological survey by specialists is necessary. 
This is to be followed by emplo3anent of officers with anthropo- 
logical training who will keep themselves abreast with the changes 
in the cultural make-up of the people over whom they are placed 
and thereby keep the records of the specialists up-to-date. This 
is equally necessary for tribal and non-tribal areas. As a rule 
all officers of the State to be employed in the tribal areas should 
have either previous anthropological training or arrangements 
should be made to give such training after appointment in or 
transfer to such tracts. This rule is to be observed not only in 
connection with executive and judicial officers but also with 
those who belong to the police department and forest service. 
In fact, the Government is required to create a band of officers 
specially fitted for this type of work by education and inherent 
sympathy. They should not allow things to drift. The force 
of this argument may be brought home by reference to the 
many cases of bungling caused by lack of anthropological 
knowledge of the officers employed in tribal areas but owing to 
lack of time I desist from them at present. It is not, however, 
my intention to cast any aspersion on the ability and sagacity 
of the officers concerned at present with the administration of 
tribal people but there is surely sufficient scope for improvement 
in this particular sphere of activity. If the diflforent Provincial 
Governments can be persuaded to adopt this policy, it will, 
diminish the chances of maladministration. This has been 
done in the case of Africa where it has proved successful and 
there is every chance of this policy becoming successful in India 
too. 

Conclusion 

So long our picture included mainly the primitive or the 
backward peoples. But anthropology is not concerned with 
them alone. The Functional School of Anthropology has 
demonstrated without leaving any scope for doubt, that it can 
be applied with equal force in solving the problems of civilized 
life. Anthropology is no longer concerned with the savage 
only: it has passed that stage. 

India is at present pas^ug through a transitional period 
not only in politics but also in its social, religious and economic 
affairs. We are confronted with queries at every turn. The 
politician, the social reformer, the economist and the religious 
enthusiast—every one of them is required to solve new problems. 
At this critical stage of our national life a minute analysis of 
our culture based on facts collected fiMln all possible sources 
would be of immense help to the form^^ ^ ftiey will know what 
we have and this will help and guide them to formulate new 
ideas and ideals and new paths in their respective spheres. 
Now, this analysis of culture can only be undertaken by trained 
anthropologists, who are best equipped to do it. This further 
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broadens our field of activity. Problems like female emanci- 
pation, dismemberment of the joint family, dying out of the 
artisan castes and decay of the middle class — ^to mention a few 
only — are causing anxiety to the best minds of India. Each 
and every one of them is a vital question affecting the whole 
social organism and they should not be left to amateurs and 
enthusiasts for solution but should be tackled by properly trained 
scientific men. Here we have the glimpse of a uider horizon 
of activity for the anthropologist who may thus si!>rve tlie 
State and his society, and prove himself to be an indispensable 
adjunct to modem life. This is to my mind the highest 
realization of the Science of Man. 
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SOME ASPECTS OF PUBLK; HEALTH IN INDIA 


‘Man hardly realizes that he can 8ha])e own destiny’ — 

Bergson. 

A HISTORIOAL PERSPEOTIVK 

From the earliest times man has been actuated by tht^ 
instinct of self-preservation and the natural impulse of life- 
interest and life-protection which has been expressed in various 
ways, such as the raising of food by apiculture and its storage, 
shelter, water-supply, land drainage, irrigation and removal of 
refuse. The occurrence of disease in individuals led them to 
evolve certain empirical rules of personal hygiene and the urge 
for herding together inducted them to evolve and utilize health 
services accoiding to their concept. For example, the recent 
excavations at Mahenjo Daro and Harappa in the Indus Valley 
and the Punjab have shown that, as far back as r.^»00 B.C. or 
even earlier (pre- Aryan civilization), the people of those days had 
an astonishingly high level of sanitation. Not only were ihero 
bath-rooms in the private houses with water-proofed brick 
floors and house latrines but a system of drainage' with socketed 
drain pipes was provided by which the sewage was carried into 
street tanks and thence removed by scavengers. Sir John 
Marshall notes that every street, alley-way and passage had its 
own covered conduits of finely-chiselled brick laid with great 
precision and that the whole drainage system was extremely 
well developed. It has to bo remembered that the Bronze Age 
peoples of England at this time were living in small grass or mud- 
covered huts. Civilization in Europe in the sense that we know 
it was a much later affair than in these parts of India and Egypt. 

Then came the Vedio period of Hindu medicine (about 
1500 B.C.), which attained its highest development betw^n 
600 B.C. and 200 A.D. The available literature shows that 
considerable progress was achieved in anatomy, major and 
minor surgery, internal medicine and pathology, midwifery and 
childien’a djseasee, hy^n® and toxicology, and elixir (internal 
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secretions) and sexual hygiene. Hospital services, both for 
men and animals, existed and nursing services were utilized. 
There were excellent rules of personal hygiene emd some of 
community hygiene. Castellani has noted that at Anuradhapura 
in Ceylon a sanitary ofl&cer was stationed to look after the health 
of ten villages. But the palmy days of this civilization gradually 
receded, and although attempts were made to conserve the know- 
ledge which already existed the eastern savants gradually became 
speculative and bound by traditions. The period between the 
2nd to the 15th century was a very dark period for the science 
of medicine, more particularly in Europe. 

The contributions of Hippocrates, Alexandrian School of 
thought and Galen led to the foundation of Greeko-Roman 
Medicine in Europe. Gradually since the middle of the 15th 
centur3s the work of Vesalius, Paracelsus, Fracastoro, Malpighi, 
Harvey, Loewenhoek, Sydenham, Bamazzini and others laid 
the foundations of modern medicine. Meantime plague and 
pestilences repeatedly overran Europe owing to the lack of 
knowledge regarding the nature of disease, its causation and 
prop^ation. 

The Scientific Renaissance in the 18th century in other 
fields, viz, chemistry, geology, botany, zoology, physics, mathe- 
matics and astronomy, made a deep impression on the learned 
world. In the field of public health, workers were just beginning 
to wake up and the medical history of the century was crowned 
in 1798 by the discovery of vaccination by Edward Jenner. 
Besides the development of the scientific spirit, an extraordinary 
reaction to the new conditions of life was noticeable in this 
period, viz. the growth of a new motive of humanitarianism urging 
the inner man to ameliorate the condition of the stricken and the 
less favourably placed people in society. No doubt this was 
fostered by the liberalism of the French Revolution and the 
writings of Voltaire, Bentham, Howard, Adam Smith and others. 
Private philanthropy came forward and made it possible for the 
establishment of numerous hospitals. 

The application of steam power to factory uses in 1785 
in England brought about the Industrial Revolution, which led 
to a radical transformation of social and economic life in Western 
Europe. The demand for labour gave rise to congestion and 
overcrowding, particularly in industrial areas. Inertia of 
sanitary authorities, vested interests, ignorance and public 
raathy accounted for appalling conditions of sanitary neglect. 
Tne sanitary condition of London in 1842 imd that of New York 
in 1865 and the sanitary oonsciousness of their inhabitants can 
very well be compared with those of many Indian towns of to-day. 

The beginnmg of the 19th century was marked by the 
dawning of social consciousness in Western Europe. England, 
because of its pioneer industrial develoinnents, serves as a 
prototype to illustrate the social evolution i>aralleled in other 
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countries as they became industrialized. Widespread insanita- 
tion, repeated invasions by smallpox, cholera and plague, the 
gradual worsening of the working conditions of factory labour 
following rapid indi^trialization and the abounding miseries of 
the poor, social discontentment and a universal desire for 
amelioration led to the efforts of Chadwick and Simon to enquire 
into, report and press for public health reforms. Although the 
beginnings of environmental sanitation had already taken 
place, there was not a single comprehensive Act of Parliament 
concerned with the health of the people until 1845. 

The Reform Act of 1832 gave franchise to one million citizens 
and the passing of the first Public Health Act of 1848 coincided 
with the maturation of social consciousness. Organized sanita- 
tion started with efforts to improve poor relief, public vac(*ination, 
drainage, water-supplies, burial reform, registration of births 
and deaths, and sanitary legislation. 

The evolution of the experimental nu'ihod rescued medicine 
&om the clutches of magic, religion, guess work and quackery. 
The outstanding discoveries of the 19th century rt^garding 
anaesthesia, antiseptic surgery, the causation of infective diseases 
and the principles of immunology, along with tb(' advances in 
chemistry, physics, physiology, pathology and jdiannacology 
swept through Western Europe like a whirlwind and led to an 
increase in the knowledge of the diagnosis, prophylaxis and 
treatment of diseases. These fundamental advanct^s established 
Hygiene and Preventive Medicine on a firmer basis and mad(i it 
practicable, although there has always bt^en a lag betw<»en 
scientific discoveries and their application. In the sphere of 
education, the advent of public education in 1870 became oiic 
of the great public services. The need for the ».oolition ol‘ 
quackery and the realization of the idea that an effective public 
health reform needed an enlightened and organized medical 
profession led to the passing of the Medical Act of 1858 and the 
establishment of the General Medical Council to regulate medical 
education and to control the publication of the State 
Pharmacopoeia. The advent of an organized medical profession, 
the public medical services and of post-graduate medi<.al 
education also took place during this period, I'h© Royal 
Sanitary Commission of 1869 laid down, under eh^veu heads, the 
national sanitary minimum of ‘what is necessary for civilized 
social life in every locality’ laying emphasis chiefly on the 
environmental services. Further political and economic progress 
facilitated the way to sanitary reform and social welfare. The 
demand for hospital isolation, extension of hospital accommoda- 
tion, the reduction of poverty, the increase and control of food 
supply, the prevention of industrial diseases^ the improvement of 
housing and working conditions in the factory, the education of 
defective children and the cikre of the insane were pressed 
forward. 
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, After the industrial revolution and before the discoveries 
of microbiology, bad hygienic conditions in the environmental 
sphere were attended to more by architects, engineers and 
chemists than by physicians. As a result, insanitary dwellings 
were demolished and replaced by better ones, wide roads and 
parks were designed, water pipes and sewers laid, abattoirs 
were built, schools and public baths were constructed and 
measures taken against the adulteration of food. The beneficent 
result of these environmental services is reflected in the pei- 
centage redxiction of mortality from tuberculosis in England 
from 100 to 70 by the time the tubercle bacillus was discovered 
(1882). Since the discoveries of the bacterial causation of 
infective diseases and the increasing knowledge of the principle 
of natural and artificial immunity against these diseases, the 
shotgun empirical methods of preventing infection of earlier 
days were replaced by precise methods of controlling infection 
conveyed through water-supplies, insect bites and direct contact. 
These researches were continued through the succeeding years of 
the 20th century loading to a fuller knowledge of the physiology 
of man’s body in relation to his environment, further advance 
in the control of infective, tropical and parasitic diseases, 
remedial measures against nutritional disorders and disturbances 
of internal secretion and the development of chemotherapy 
against microbial diseases. 

The establishment of the Medical Research Committee in 
1913 and the impetus given to it during the last Great War 
led to the formation of the Medical Research Council in 1920 
and of institutes for the study of local and tropical diseases, 
thus making it possible for the extension of medical research 
on various national health problems and its application by the 
individual, the community and the State. 

Those scientific advances enabled a fuller apprehension of 
positive health, heralded the emergence of sociological medicine 
and profoundly affected the action and purpose of statecraft. 
Political and economic advance was followed by legislation and 
state action on the improvement of working conditions and 
occupational hygiene, school health including the provision of 
school meals and preventive treatment of defects, the prevention 
of maternal and infant mortality, health, unemployment and 
invalidity insurance, immunization against disease, the provision 
of better and safer food, and the prevention and care of mental 
deficiency, tuberculosis, venereal diseases and cancer. Subsidized 
housing and town-planning schemes made it possible for the 
eradication of slums, the construction of sanitary dwellings, the 
provision of cheap-rental houses and the abatement of over- 
crowding, rt3sulting in a great improvement in sanitation and 
cleanliness. The advent of social emanQipation since 1919 
speeded up the reforms in every sphere. Knally, the creation of 
the Ministry of Reconstruction resulting in the formation of 
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the Mimstry of Health, linked the central government to the 
corporations, councils, counties and districts and ensured a 
better oo-ordmation in the application of the principles of social 
welfare between the different departments or agencies. The 
difference between preventive and curative medicine was fast 
vanishing. 

The requirements of the new situation needed a variety of 
institutions and a large category of personnel to look after 
them — doctors, technicians, specialists, nurses (public health, 
school health and institutional), chemists and auxiliaries 
(masseurs, radiologists, dispensing opticians, etc.) — ^by bringing 
clinical and non-clinicaJ subjects closer to each oth(T. Medical 
education had, therefore, to be reorganized and by 1930, 27 
medical schools were engaged in turning out general practitioners, 
besides several institutions for post-graduate teaching. The 
present number (1939) of medical practitioners in England and 
Wales is 62,000 (or one doctor to 800 people), of whom 16,800 
are panel practitioners looking after 17 millions insured at a cost 
of £8 millions. There are 1 ,4(X) Medical Officers of Health under 
the local authorities, 5,000 connected with the Poor Law Service, 
500 tuberculosis officers, 110 venereal officers, 3,000 attached to 
maternity and child .welfare centres, 2,000 on the Post Office 
list, 1,7()0 examining factory surgeons, 1,400 employed in the 
school medical service and 16,800 insurance practitioners. Over 
2,700 hospitals with nearly 300,000 beds, including 10,000 
maternity beds, are looking after curative medicine in a popula- 
tion of 50 millions. Every school week in the year the children 
from 100,(X)0 homes are medically or dentally examined. 

The cost of treatment and maintenance of sick persons 
amounts of £1 85 millions a year. The public expendit %re on the 
preventive services or prevention of ill-health is £13 millions a 
year, while the public environmental services which largely 
contribute to good health cost £100 million a year. There has 
been a general desire for bringing the advantages of medical 
knowledge adequately within the reew^h of people, but the 
increasing complexity of modern health organization and the 
increased cost of treatment still render it difficult for many citizens 
to pay for the full range of services. This accounts for the delay 
in the treatment of disease. It is estimated that the economic 
loss caused by ill-health in England to-day still amounts to 
£300 million a year. Preventive health and social services and 
medical attention are still considered to be grossly insufficient. 

The increasing significance of the social services is indicated 
by their expenditure. The total expenditure and the expenditure 
per capita htkd fisen in Great Britain from £5 millions or 5s, per 
head in 1850 to £31 millions or 19«. per head in 1900 and to 
£400 millions or £8-175. per head in 1934. The expenditiue on 
Medical Services, exclusive of M^tal, rose from £1J million in 
1900 to £17 i millions in 1934, Although acute diseases have been 
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largely controlled, many chronic ailments still bafSe scientific 
workers and administrators. 

In 1888, the crude death rate in England was 22 per thousand 
of population, in 1937 it was 12 per thousand. In 1838, the 
expectation of life at birth was 40 yeaurs for an English boy and 
42 years for an English girl; in 1932, it stood at 58 years for a 
boy and 62 years for a girl; in other words, in 94 years the 
probability of life had risen by 18 years for a boy and 20 years 
for a girl. The spectacular decline in the incidence of some 
diseases, consequent on the application of available knowledge 
and co-incident social evolution is illustrated in some of the 
curves given below. The position of India in this regard is also 
indicated therein and by figures. 

Modern Public Health — field of social activity 

Prof. Winslow of the Yale School of Medicine (1920) defines 
Public Health as ‘the science and the art of preventing disease, 
prolonging life, and the promoting physical health and efficiency 
throu^ organized community efforts for the sanitation of the 
environment, the control of community infections, the education 
of the individual in principles of personal hygiene, the organiza- 
tion of nursing services for the early diagnosis and preventive 
treatment of disease, and the development of the social machinery 
which will ensure to every individual in the community a standard 
of living adequate for the maintenance of health’. Social 
conditions react on health and health reacts on social conditions. 

Bernal (Bernal, J. D. — ^The Social Functions of Science, 1939) 
goes so far as to say that ‘it is probable that an overwhelming 
majority of diseases that occur throughout the world are due 
directly or indirectly to the lack of primary necessities, generally 
food, and many of the remainder are attributable to bad working 
conditions’. Considerations of health can seldom be divorced 
from economic, demographic and social factors. The human 
factor is the more important than other factors in raising the 
resisting power to diseases of backward countries like India. 
Speaking on nutrition, Sir John Orr expressed the following 
opinion in his Chadwick Lecture in 1935 — ‘It may be assumed 
that any Government would accept as the first essential the 
necessity for ensuring that every individual in the State shall be 
able to get a diet sufficient to maintain health. If a system of 
production and marketing of foodstuffs fails to do this, the 
State, through its medical and social services, must pay for the 
treatment of those suffering from an inadequate diet’. 

Medicine needs to recognize the whole nature of man, as 
shaped by his home, his surroundings, his education, his work, 
his economic status, his recreation and his struggles and aspira- 
tions. Medicine has thus become fimdamentaUy a social science 
and a field of social activity in which is applied practically every 
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basic science directed towards a comprehensive programme 
of community service. The following scheme is given to indicate 
the major functions of social life and the place which should be 
assigned to public health: 

It will be evident that when maintenance of health and 
prevention of disease are aimed at in the programme of social 
welfare, the cure of diseases gradually becomes less voluminous 
in proportion to the rate of progress in the utilization of scientific 
tools for the physical, mental and moral well-being of the com- 
munity. It is to be noted that here, as in many other spheres, 
scientific progress in the abstract has often out-distanced concrete 
achievement. The knowledge about the prevention and cute 
of many diseases and the maintenance of positive health and 
prolongation of life has been known throughout the world, but 
its application has lagged behind at dijBferent levels in different 
countries. The co-ordinated planning and technique of socialized 
medicine in Soviet Russia for 20 years have out-distanced the 
pic^cemeal achievements of England through 100 years. In 
Soviet Russia, the health of the individual is the concern of the 
State and of Society as a whole. Indeed, the Soviet Union is 
the one nation in the world which has undertaken to set up and 
opeTate a complete organization designed to provide preventive 
and medical care for every man, woman and child within its 
borders. Russia’s example in the sphere of health protection 
has stimulated the Western European countries and America to 
consolidate their previous disjointed efforts into a cognate whole 
towards the ideals of sociological medicine. 

‘ The failure to establish scientific methodology in determining 
tools for community welfare is one of the chief factors responsible 
for the present social lag thioughout the world’ (J. B. Grant). 
In public health administration, as in laboratory exi)eriments, 
the principle of ‘observation of natural phenomena and their 
confirmation through controlled experimentation’ should be 
followed. Research, surveys and social experiments must be 
carefully blended in evolving the method of approach to a public- 
health-social problem. The evolving of practical methods 
requires sound economic considerations and proper training of 
the necessary personnel and their organization requires adherence 
to sound administrative principles, the securing of popular 
response and intelligent participation as well as the co-ordinwon 
of the inter-related spheres of governmental activity. Planned 
co-ordination between research, training and administration is 
an essential desideratum. 

The essential principles of sound public hmUh administration 
refer to (i) the necessity for the administration of the different 
health functions being undertaken for the whole community by 
a single governing body and not for different sections of the 
community by several governing agencies, with necessary co- 
ordination between inter-related sections; in other words, there 
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should be ‘centralized direction and decentralized activity*. 
The administration must provide for technical supervision and 
periodic appraisal of the efl&cienoy of the organization, (ii) 
Successful administrative procedure results only from scientific 
investigation and demonstration of organizational methodology 
in the measures whereby knowledge can b(' applied in practice to 
groups of population. The proper training of the necessary 
personnel in applying the methodology is an im};>ortant require- 
ment. (iii) Successful administrative procedure must be based 
upon sound financial considerations and practicable economic 
budgetting suited to the area and the population. Whore cash 
purchase of health reform is difficult, tht^ available cash may be 
utilized for technical guidance and supervision and the citizens 
may bo encouraged to offer trained voluntary labour ( = payment 
in kind), which is the largest item in cash purchase, (iv) 
Successful community utilization of knowledgt^ for public hoidth 
reform and medical protection requires a c(‘rtain level of politico- 
economic progress and education. Health of the people is 
achieved through the people being themselves possessed of 
adequate education in, and practice of, health knowledge, 
(v) The securing of co-ordination between the related spheres of 
social services, owing to their mutual inter-depcmdence. (vi) In 
order to ensure better working and to avoid mistakes in local 
effort, the whole design of a public health planning must bi^ before 
the mind from the beginning. Any effort, however small and 
localized, can confer benefit, if it is designed in relation to 
the scheme as a whole. 


The trend of Public Health Progress in Bru* sh India 

It is needless to point out that political events and social 
deterioration disorganized the systems of Indian Medicine even 
before the European powers came into touch with India. By 
1800 A.D. the British were firmly organized as the rulers of this 
sub-continent. 

The beginnings of the Indian Medical Service may be traced 
to 16(K) A.D. when the Company brought in British doctors as 
ship’s surgeons. Between 1763 and 1766, a regular service was 
created and was divided into civil and military. These doctors, 
who had to work under great difficulties, carried the torch of 
Western medical science from place to place. Assistants were 
at first trained as dressers, apothecaries and general hospital 
helpers — ^the fore-runner of highly trained subordinate services 
of later times. The first Medical School was opened in 1822 and 
a Committee on Medical Education was appointed in 1833 which 
led to the establishment of two Medical Colleges in 1836. The 
qualifications of the latter were recognized by the Royal College 
of Surgeons, London, in 1846. We do not find any noteworthy 
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progress in the first half of the 19th century except in the intro- 
duction of Jennerian vaccination in 1803 and the passing of the 
Indian Quarantine Act, 1825. The British rulers at this time 
were more concerned with the health of the army and of the 
Europeans in India. There was no evidence of any repercussions 
of the progress of scientific knowledge on the economic progress, 
the dawning and growth of social consciousness or the experiments 
in environmental sanitation. 

The very active period of fundamental advances in science 
in Europe in the second half of the 19th century and the con- 
comitant political and socio-economic progress which helped to 
establish hygiene and preventive, medicine on a firm and 
practicable basis had rather poor repercussions in India. In 
the sphere of research, which was entirely in the hands of the 
British workers, half a dozen names stand out prominently, 
viz. Lewis (1872) described Filaria sanguinis hominis and 
Trypanosoma lewisi, Vandyke Carter (1877-78) described the 
causative organism of Indian relapsing fever, Evans (1880) 
described Trypanosoma evansi, Cunningham (1885) described 
certain bodies in Delhi boil which were later confirmed by 
Leishman and Donovan (1903) as L.D. bodies, Koch (1883) 
confirmed the identity of F. choleras in Indian cholera, HaflFkine 
(1895) introduced cholera vaccine and Ross (1897) discovered 
the transmission of malaria. The major part of our knowledge 
in the scientific sphere in India up to the end of the 19th century 
was due to the work of a few scientific departments of the 
Government and of a few isolated workers who devoted their 
spare time to pursuits which interested them. In quite a number 
of oases such devotion to work was discouraged by the heads of 
departments, as happened in the case of Sir ]^nald Ross. Since 
all the important posts were held by British members of the 
Imperial Service, Indians got very little opportunity for working 
into the mysteries of the causation of diseases and the problems 
of their prevention and treatment. The first Pasteur Institute 
was opened at Kasauli in 1893 and the Haflfkino Institute was 
started in Bombay in 1899 for the manufacture of prophylactic 
vaccines against cholpra and plague. The Imperial Veterinary 
Research Institute was established in 1893. The Indian Institute 
of Science at Bangalore, which is now taking a prominent part in 
biochemical investigations, was started in 1896. Antiseptic 
surgery was introduced between 1876 and 1881. 

In the sphere of education, the first three universities were 
founded in 1857 but these and others founded later were mainly 
of an affiliating type rather than serving as centres of teaching 
and research. The medical teaching was chiefiy controlled by 
the Indian Medical Service, although loosely connected with the 
Universities. State medical services were composed of military 
and civil officers, besides a growing independent medical 
profession and the followers of the ancient systems of Ayurveda 
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and Unani, 47% of the officers in the Indian Medical Service 
numbering 220, which was treated as War Reserve, wore posted 
to the civil side, all the important teaching and administrative 
posts being statutorily reserved for them. In the sphere of 
public health, as has been stated before, most of the eflForts 
were chiefly directed to the safeguarding of the health of the 
army and the Europeans in India and to the prevention of 
infection through transport channels, land or water. It is said 
that the ‘real history of sanitary organization in India* bt^gan 
in 1859 when a Royal Commission was appointed to report on 
the sanitary state of the army in India. This Commission 
suggested the appointment of a Commission of Public Healtli 
for each presidency ‘to give advice and assistance in all matters 
relating to public health and to exercise supervision over the 
sanitary condition of the population, both Euroj)ean and Indian. 
‘The primary object of these provincial commissions was to try 
to diminish sickness in the army; but this was recognized to 
involve (1) the sanitary improvement of Indian towns, (2) the 
prevention and mitigation of epidemic diseases, (3) constant 
observation of the sanitary condition of the population and the 
reports of the prevalence of sickness, (4) the construction of 
works of drainage and water-supply, (5) the projier carrying out 
of sanitary rules and regulations, (6) the pre]>aration of codes 
and rules adapted to the sjiecial sanitaiy requirements of the 
army and of the civil population, and (7) the submission to the 
Government of India of plans for co-ordination and supervising 
the whole sanitary administration of a presidonc’y. ’ No doubt 
the rapidlj' tidvancing sanitary progress in England at the time 
and the occurrence of excessive disease and dc^aths in the tinny 
dictated the inception of these ideas, but it is signifi nt to note 
that the Government of India at that time ‘did not favour a 
general sanitary system owing to the financial and administrative 
difficulties of introducing this into India*. Tlu^ following are 
some of the important public health Acts of the p(?riod: — 
Indian Lunatics Removal Act (1851), Indian Merchant Shipping 
Act (1859), Puri Lodging Houses Act (1871), Brmgal Births and 
Deaths Registration Act (1873), Bombay Vaccination Act (1877), 
Calcutta Burial Boards Act (1811), first Indian Factories Act 
(1881), amended in 1891, 1911, 1922, Bengal Municipal Act 
(1884), Bombay Protection of Pilgrims Act (1887), Indian 
Railways Act (1890), Pilgrim Ships Act (1895), Indian Epidemic 
Diseases Act (1897), Indian Lepers Act (1898), and Indian 
Glanders and Farcy Act (1899). The passing of the first Local 
Self-Government Act in 1885 relegated the task of the promotion 
of sanitation to local bodies and village unions. The ^ginnings 
of political and social progress were thus laid here. Mfiterhal 
and infantile mortality attracted the atfontion of voluntary 
workers, which resulted in the establishment of the Dufferin 
Association for supplying medical aid to women in India (1866), 
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the introduction of modem nursing (1869) and the starting of a 
Women’s Medical College at Ludhiana (1894). 

It is significant to note that while the recommendations of 
the Royal Sanitary Commission in England (1869-71) were 
implemented by continuous efforts to apply the knowledge gained 
from the discoveries of the medical science and by persistent 
State action to educate the population in matters concerning 
health and to develop the environmental and medical services, 
those of the Royal Sanitary Commission in India (1869) were 
relegated to the background as being inapplicable to the then 
Indian Commimity. 

Forty years of the 20th centijry have seen enormous advances 
in medical knowledge and its application by the State in England 
and other Western countries, along with simultaneous social 
evolution and political progress. Each of the new discoveries 
in the various sciences opened up a now vista of possibilities 
for applying them to the well-being of man. The consolidation 
and co-ordination of the piecemeal measures of the previous 
century have helped to develop medicine as a social science and 
to restrict and defeat disease wherever it shows itself, to prolong 
human life wherever it exists and to build up and conserve health 
as such in the home, in the school, in the factory and in the field. 

Let us glance, for a moment, at what was taking place in 
India during this period. In the sphere of medical research, 
Leishman and Donovan’s discovery of the Kala-azar parasite 
(1903), the report of the Plague Commission (1904) and the 
discovery of Urea Stibamine by Brahma chari (1920) may be 
considered as important landmarks. Since the publication of 
the Report of the Plague Commission (1904), which advocated 
the reconstruction of the Sanitary Department on a wide imperial 
basis, and with the establishment of adequate laboratory accom- 
modation for research, teaching, sera and vaccine production, the 
strengthening of it by the recruitment of scientific experts and 
the placing of the new service under the Government of India 
in respect of both the executive and scientific duties, the amount 
of medical and veterinary research carried out in about a dozen 
and half research institutions, in various spheres, has not been 
small but most of them have not been dictated by particular 
unsolved public health problems and even when their results 
have been made known there has been very little attempt to 
apply the scientific knowledge to the eradication of prevailing 
maladies and to the physical well-being of man and animals. 
The establishment of the Bacteriological department in 1906, 
most of whose workers belong to the Indian Medical Service, and 
of the Indian Research Fund Association in 1911 ‘with the object 
of ensuring a continuous supply of young workers of adequate 
calibre and of attacking such medical research problems as 
awaited solution’ are to be considered as important steps in 
solving the urgent public health problems, although the manner 
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of their working is still defective and is capable of improvement. 
It has to be remembered in this connection that the Indian 
Research Fund Association is a much older body than the 
Medical Research Council in England (1920) which is doing 
excellent work. 

In the sphere of medical education, a University grade and a 
lower (or school) grade of education iiave been prevalent since 
1867, but the latter qualification is neither i‘ecogniz<Mi by the 
British General Medical Council nor the Medical Council of india. 
The new University Regulations of 1906 tried to improve nu^dical 
education and advanced studies, both of which need immediate 
reform to suit the requirements of the national iiealth policy. 
Tlie Indianization of some of the professorial chairs at medical 
colleges began in 1911 and the Indianization of the hospital 
staff began as late as 1923. T*lie establishment of the (^ah'utta 
School of Tropical Medicine (1920) and of the All-India Institute of 
Hygiene and Public Health (1932) has made it pos^ihlt* for t he ])OHt - 
graduate training of medical and public luwilth jK^isonnel. The 
Medical Council of India (1933) aims at improving and standardiz- 
ing medical education in India. Twelve Mediciil (V)lleges and 27 
Medical Schools are now turning out about 700 graduates (includ- 
ing 100 women) and 1,500 licentiates per annum, the? same 
number as England and Wales are turning out for l/9th of the 
population of India. The requirements for the annual output 
of qualified doctors in India are far more than this. The total 
number of qualified doctors in India is 42,000 or one doctor 
per 10,000 population and that also very unevenly distributed, 
in contrast to England’s one doctor to 800 persons. 

During the latter half of the 19th century, the policy of the 
Government of India with regard to sanitation an ‘ sanitary 
staff was marked by vacillation but more activity was noticeable 
since the beginning of the 20th century. The Government of 
India formulated a forward sanitary policy in 1914 (Resolution 
dated 23rd May, 1914), when some useful principles of sanitary 
organization including research, sanitary surveys, urban sanitation 
(conservancy, water-supply, drainage) and town planning, rural 
sanitation, health education and the combating of epidemics, 
were laid down but they have hardly been properly implemented. 
The political and socuil awakening of the earlier years of the 
present century was followed by the Government of India Act of 
1919 which accepted the principle of provincial autonomy. This 
led to the transfer of medical administration, including hos])i<als, 
dispensaries and asylums, and the provision for medical education, 
together with public health, sanitation and vital statistics, with 
certain reservations, to nominated ministers. Extra-provincial, 
inter-provincial and international matters, together with legisla- 
tion for the control of epidemics were reserved by the Central 
Government. 
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By this time, informed public opinion began to demand 
more expenditure on public health. In spite of this demand, 
nothing more than a* skeleton staff could be employed — ^being 
too inadequate for dealing with large populations and areas 
entrusted to them. For example, in Bengal, a Health Officer 
was put in charge of a district and a Sanitary Inspector with a 
Health Assistant and a Vaccinator was posted to each thana 
(1927). In most areas, the latter were expected to look after a 
population of 60,000 or more, living in 170 villages spread over 
an area of 80 square miles or more. In some areas, the same 
staff were expected to look after 120,000 people, living in some 
800 villages covering 400 square miles. 

Measures for the improvement of hygiene in industrial 
areas began to be taken since 1911 — ^Indian Factories Act (1911), 
Indian Mines Act (1923), Workmen’s Compensation Act (1923), 
Bombay Maternity Benefit Act (1929), Tea Districts Emigrant 
Labour Act (1932) and Employment of Children Act (1933). 
In spit/C of these, occupational hygiene is still a neglected subject 
in the Health Departments of the provinces. The Royal 
Commission on Labour (1931) recommended quite a nxunber of 
public health reforms in labour areas and the co-operation of the 
League of Nations also stimulated the progress to some extent. 
Provincial Municipal Acts passed during this period, aimed at 
improving the sanitary condition of municipal areas but they 
have hardly developed any successful methodology of work and 
their administration is, in a large majority of cases, extremely 
defective. Legislation against food adulteration came in 
1918-19. Attempts have been made to stimulate maternity 
and child welfare work since the beginning of the century by 
various non-official and official organizations by offering facilities 
for the training of medical and auxiliary personnel and for 
research. The maternal and infant mortality is still appalling. 

Since the Indian Medical Service has until lately been 
responsible for looking after the curative and preventive aspects 
of public health in India, it will be noticed that many measures 
which were undertaken in India from time to time were but 
poor imitations of what was being done in England. Most of 
the public health expenditure has been made in urban areas, 
while rural health has been severely neglected. From a con- 
sideration of various factors, we are of the opinion that 
India stands now, from the public health point of view, where 
Great Britain stood 100 years ago, U.S.A. stood 75 years ago and 
where Russia stood before the Revolution. 

Although 90% of India’s population are still illiterate, 
various socio-economic and political factors helped them to 
demand public health reforms. The extension of franchise by 
the grant of Provincial Autonomy in 1935 has created a demand 
for social welfare in the modem sense and various Provincial 
GJovemments are seriously considering the planning of public 
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health and social welfare in their respective territories. The 
Government of Madras is the only Provincial Government which 
has passed a Consolidated Public Health Act (1939). 

Any public health planning which is not ba^ on sound 
scientific and proven principles is bound to fail. On the thresh- 
hold of further political and social progress in India, it may 
be useful to consider its various impliciitions in their proper 
persi)ective. This is the only apology 1 have to ofier for taking 
up the present theme for my Presidential Address, 

The socio-bconomio position and its kepercussions on 
Public Health 

In considering the present public health position in India, 
one must remember that India is larger than Europe minus 
Russia; that she has 9 times the population of England and 
Wales and that her population has increased by over 250 millions 
within the last 90 years ; that 90% of her jiopulation is rural in 
contrast to 20% in England, 47% in Canada and 50% in Japan; 
that 71% of the population are engaged in agriculture and that 
only 1% are employed in industries; that over 90% of the 
population is illiterate and that some of the social and ndigious 
customs are not conducive to good health. The urban population 
of British India amounts to 26 millions, out of a total of 360 
millions. 

The average per capita annual income in British India is 
£4-7^. or l/15th of that in England and l/18th of that in U.S.A. 
(Findlay Shirras). The monthly income per head, therefore, 
comes to about Rs.S, but the rural population earns less — Rs.39 
per capita per annum or Rb. 3-4 per month. From this, the 
average rural inhabitant has to provide himself with food, 
clothing and housing, pay the land revenue and very often interest 
on his loans for buying live-stock, seed, manure and other 
necessities. The quantity of arable land per ^raon is too small 
and the quality of cattle too poor to provide him with the 
minimum requirements of a healthy life, while he cannot afford 
to improve the gradually impoverished soil. Underfeeding and 
imbalanced food necessarily reacts on the physique resulting in 
preventible sickness and lack of stamina. Dr. Aykroyd estimates 
that a minim um expenditure of Rs.6 to Rs.6 per capita per 
month is needed to provide an adult with minimum balanced 
nourishment. The percentage of taxation to national income 
in India is 10*1, in contrast to 8*7 in Switzerland, 9*6 in Canada, 
13*3 in Australia and 26*6 in the United Kingdom. 

The inhabitants of British India are stated to enjoy the 
briefest span of life, viz. 23 years, in contrast to Sweden’s 62 years, 
Britain’s 60 years, Germany’s 68 years, Italy's 45 years and 
Japan’s 45 years. The crude birth-rate per 1,000 in India is 
34*6 (1937). The crude mortality rate per thousand in British 
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India (1937) is 22-4, as compared with 12-4 in England and Wales, 
17-6 in Japan, 18*8 in Netherlands East Indies and 18*9 in 
Palestine. Of the 6-1 million annual deaths in British India 
(1937), fevers (in which are included malaria, enteric, kala-azar, 
tuberculosis, etc.) account for 58%, dysentery, diarrhoea and 
cholera together for 7*3%, respiratory diseases for 8%, infantile 
mortality for 24-8%, smallpox for 1% and plague for 0*6%. 
Infectious diseases like cholera, plague and smallpox, which have 
been almost entirely banished from the Western countries and 
Japan, still take as annual toll of 99,000, 28,000 and 56,000 lives 
respectively. The rate of decline in mortality from the diseases 
and from the vaguely defined category of fevers has been 
extremely slow, while in some cases, e.g. respiratory diseases, 
there has been a gradual increase. Child mortality rates at 
different age periods are from 3-5 times higher in India than in 
England. For the whole period 0-10 years, the death rate 
among children in India is 4 times as high as in England. 
Maternal mortality due to child-bearing exacts a toll of 4-5 
times than in Western countries, 20% of the deaths being due 
to anaemia which accounts for a negligible fraction of deaths 
(0*06%) in England. 80-90% of these deaths are, therefore, 
preventible. It is estimated that about 30% or 3 million women 
are permanently or teinjiorarily disabled in India as a result of 
pregnancy or labour every year. There are 150,000 lepers in 
India and over 2 million persons (40-70% of the population 
in some areas) are estimated to be infected with hookworm. 

If the English death rate obtained in India to-day, there 
would have 2,766,049 fewer annual deaths (males — 58, females — 
60), and the expectation of life would be 60, instead of the present 
23 yc^ars. The sickness rate in England, entailing incapacity for 
work is 2% of the population. Even if we take the rate as 4% 
ill India, the numter of people constantly sick would be some- 
where near 11 millions, chiefly through lack of medical protection. 
No uork has yet been done in India to indicate the sickness rate 
in the general population. The sickness rate among the British 
troops in India is, however, 12 times, while that among the 
Indian troops is 10 times that of the death rate. If this basis 
of calculation is taken, the amount of sickness in the general 
Y>opu\atioi\ and U\e consequent economic loss due to loss of 
wages would be enormous. 

Of the 6,600 curative institutions, 3,000 hospitals with 
96,000 beds and 3,500 out-patient dispensaries are attending to 
35 million new and old patients annually. 926 of these institu- 
tions are voluntary, the rest managed or aided by the State. Of 
6,407 medical oflScers who are manning these institutions, 220 are 
I.M.S. Officers occupying the senior posts, involving an annual 
expenditure in pay and allowances, excluding pensions charges, 
of about Bs.60 lakhs; 41 are non-I.M.S. Europeans, 740 are 
missionaries; 105 are military assistant surgeons, 1,054 are Gvil 
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assistant surgeons and the rest licentiates or sub-assistant 
surgeons. The number of doctors employed in public health 
duties is 1,206 or l/5th of that employed on curative services, 
of which only 217 possess public health qualifications. A little 
over 50% of the 247. districts employ a Medical Officer of Health, 
the rest still remain improvided with. This is also very unevenly 
distributed. Over 50®/o of the total budget (curative and pi'e- 
ventive medicine) is consumed by the medical staff. The total 
number of registered doctors is 42,000. The number of students 
who qualified in 1936-37 were 965, of whom 100 were women. 
About 12,000 medical students are receiving instructions in the 
year. There are 3,697 nurses in India, of whom only 211 are 
employed in rural areas. 

The average area served by each hospital or di8i)onsary 
varies from 24 sq. miles (Delhi) to 1,327 sq. miles (Balucliistan) 
and the average population served by each of these institutions 
varies from 11,305 in Baluchistan to 81,987 in U.P. The per 
capita expenditure on medical relief varies from one anna in U.P. 
to Rs. 1-2-5 pies in Delhi. The ex])onditure in urban areas is 
nearly three times that in rural areas. 

No planning for the health uplift of a community is jK)S8ible 
without a consideration of the topography, soil study and the 
raising of food, weather conditions, jKipulation (men and cattle), 
water-supply, drainage, industry, education and economic* and 
cultural backgrounds of the community. A survey of these 
lactors is necessary before any planning is undertaken. It will 
be found that, in most spheres, the deviation from physiological 
health is related to problems connected wdth housing, clothing, 
physical cleanliness, drinking-water supplies, disposal of sew age, 
household refuse and manure, and the eontamiiution and 
poverty of foodstuffs. The baeWardness of India in the })ro})or 
evolution of public health must be accounted for either by the 
progress of science not being applied to the prevention of diw'ase 
as it has been done in advanced countries or to a wTong application 
of the same. Before w^e proceed to suggest recommendations, 
it is necessary to ascertain the causes of the* lag in India and how^ 
they can be remedied. 

Causes of the lag between science and its applications in 

THE IMPROVEMENT OF PUBLIC HEALTH IN INDIA AND 
SOME SUGGESTIONS FOR THEIR REMOVAL 

Absence of any national health policy. 

As has been pointed out betore, in England there has been 
a persistent endeavour to apply the know'ledgo gained from the 
discoveries of the medical sciences, in the course of the past 
100 years, to the social, educational, economic and hygienic 
well-bemg of her citizens. The advent of the British rule in 
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ooinoidad with the differentiation of science and its resultant 
industrialization in Europe. Instead of a continuous dnve 
towards medical protection, health education and the provision 
of environmental servi^ as in England, the ad mini stration 
in India showed a laissez fairs and vacillating policy. The 
medical and sanitary administration was bossed over by a Civil 
Service whose chief concern was to govern and to maintain 
law and order, without any perspective towards a co-ordinated 
development of the social services, such as education, agriculture, 
co-operation, public health, etc. Most of the personnel of these 
services appointed to look after the medical, public health and 
social services had no specialized training in the particular 
branches of the craft and hence there was little desire in them 
to utilize the scientific knowledge and discoveries of the times 
towards the betterment of the health and physical well-being of 
the population. 

The medical personnel responsible for guiding the policy 
or for administration came and still comes from a highly paid 
service which has been primarily meant for the Army. Here also 
special technical knowledge and training were not considered 
to bo the criteria for appointment in a particular post carrying a 
particular object, with the result that a man who began, for 
example, as a teacher of Anatomy was considered competent 
to be successively appointed a Divisional Surgeon, a Port Health 
OflScer, a Radiologist, a Teacher of Medioine and so on. This 
principle is still being followed in the Imperial and Provincial 
Medical Services to the great detriment of the working machinery. 
The continuance of this system even in the 20th century when it is 
realized that medical progress cannot be possible without special 
training and competency accounts for a large measure of back- 
wardness in medical and public health planning in India. This 
is the reason why Research and Medical and Public Health 
education 83 years after the establishment of the Universities 
in India are still hopelessly backward, as compared with other 
progressive countries. It is not my pmpose here to underrate 
the excellent services rendered by the research workers and 
administrators of the previous generation who introduced Western 
medical science into this country and developed it, but there 
is no technical justification for its continuance in the present 
century, when there is a sufficient number of highly trained 
technical workers available in the country who can replace the 
superior services entirely without any loss of efficiency and 
run the oiganization at much less cost. In fact, the who?i& 
system of administration needs to be remodelled to suit the new 
conditions and requirements. 

It has been pointed that there was hardly any public health 
policy until the reforms of 1919 and 1935. Tliese reforms have 
no doubt stimulated a desire for progress but it is being hampered 
by the lack of a planned programme and policy, a hopelessly 
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inad^uate amount being ^marked for medical relief and social 
services (wde histogram below), by the continuance of a top-heavy 


Histogram sh<^ng so^ items of State Expenditure in oereentaaes of 
revenue m Brtttsh (Central and Provincial) and England, 

Wales and Scotland. 

1938-1939. 



NaBs — ^No comparison has been made of figures relating to India with 
those of England and Wales in other fields of governmental 
activity, for the administrative set-up is so different in the two 
countries that they are not comparable. 


administration without efficiently trained technical personnel 
and by the poverty of ideas in the administrators themselves. 
There is still considerable lack of co-ordination among the various 
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int^ependent branches of administration which are concerned 
with a forward health policy and social progress of the population. 
Administrative procedures are often applied which are not based 
upon sound economic considerations and financial budgeting 
within the economic means of the population. The result has 
been that although some fragmentary public health measures 
have been undertaken in urban areas, the rural population has 
been hopelessly neglected, with the result that the villager in 
India to-day is no more l^nefited by modern science than his 
forefathers before the advent of the British rule. 

2. VioUUion of the essential principles of sound public health 
administration. 

India’s lag in the utilization of science for the medical 
protection of her citizens through organized community effort 
is due chiefiy to the absence of any national policy based upon 
defined principles. In most cases, all the six principles enunciated 
on pages (10) and (11) have been violated. The backwardness 
of India in health matters does not seem to be due so much to 
economic causes, ignorance or lack of medical facilities as to the 
lack of efficient public health and medical organization based 
upon the investigation of the most effective and economic 
methods of applying the results of scientific knowledge to the 
requirements of large units of population. It is true that Great 
Britain spends Bs.lfi (1931) and U.S.A. spends Rs.30 (1932) per 
capita on medical and public health protection, but a com- 
paratively much better result has been obtained in improving 
the situation in the Dutch East Indies with a pei capita expendi- 
ture of 4-8 annas and in the Philippines with a per capita expendi- 
ture of 5*25 annas, in comparison with India’s 3*5 annas (1931). 
For example, with a staff of 2,523 vaccinators (excluding Calcutta 
with 66 vaccinators) in Bengal, where Jennerian Vaccination was 
introduced as far back as 1803 (first in Asia) deaths from smallpox 
during the last ten years have numbered 166,000 (vide diagram 
below), whereas with a staff of only 150 vaccinators in Java, which 
has a comparable topography and population, the total deaths, 
mostly from import^ cases, have been limit^ to 9 during the 
same period. It is further claimed in official repmrto in Bengal that 
during the ten years 1929-1938 ovei 8% of the population were 
successfully vaccinated every year at a cost of 1 anna 10 pies per 
head. The evidence depict on the diagram can only point to 
one thing, viz. a wastage of time and funds, in spite of a large 
staff, chiefly due to defectivO methodology, supervision and 
control. Similarly, lack of co-ordination between the water- 
tight departments of Irrigation, Railways and Roads and 
Public Health is responsible for a large percentage of India’s 
16 million annual deaths from man-made malaria. Take the 
case of nutrition again; when the health authorities detect 
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malnutrition and deficiency diseases in a group of population, the 
remedy will lie with a co-ordination of efforts of the Communica- 
tions, Agricidture, Animal Husbandry and Co-operative depart- 
ments but none of them has yet carried science to the door of 
the ryot as in Java, Philippines or Japan. In the absence of 
such co-ordination, the ill-hecdth continues and remams uncor- 
rected. This is because India has not yet developed adequate 
knowledge of successful methodology and its community utiliza- 
tion and because public opinion is not properly educated, with 
the result that inefficient methodology has resulted in uneconomic 
and inefficient administration leading to wastage of funds which 
could better be applied to other fields. Before co-ordination can 
be of value, the fields to be co-ordinated must have the necessary 
technical content to apply known knowledge for a common 
purpose to groups of population. 

Thus it seems that lack of a scientific outlook and an inade- 
quate investigation by the administrative authorities in 
developing suitable methods of organization and the lack of a 
policy to include both urban and rural populations in a cognate 
whole as regards planning have been more responsible for her 
present backwardness than anything else. All scientific fields 
are governed by determinable laws, or else they are not scientific. 
It is of the utmost importance, therefore, that this country 
should make a general survey of the state of public health 
and of its health equipment, evolve a methodology of approach 
by carrying out sample experiments in different areas to under- 
stand the reciprocal co-ordination between the inter-related 
departments and its financial implications and, based on such 
findings, construct a coherent plan for a medico-social policy, 
fixing, year by year, the stage to be reached and securing the 
financisJ resources, in cash and/or kind, and trained personnel 
required for the purpose. 

I shall cite a recent example from China (1934) when she 
was faced with developing methods wit^ her economic resources. 
The help of the Peking Union Medical College was secured in 
developing the methodology of School Health on two economic 
standa^s. An *A’ service to demonstrate technical measures 
common in the West was provided entirely through cash 
purchase at a cost of 2*41 Chinese dollars (= B4i.2-^6) x>er school 
child per annum. This, however, was impracticable of extension 
under Chinese economic conations. Consequently, a ‘B* 
service was developed at 64 cents (= lOas. 3p.) per school child 
per annum, which was economiceffiy practicable. The latter 
programme w as developed on the basis that the essential measures 
sho^d be undertaken by the voluntary effort of the teachers 
and pupils themselves and that cash purchase should be limited 
to provision of supplies and of technical supervision by the 
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medioal officer and the school nurse. This applied to each of 
the three administrative sections, viz. Sanitation, Medical 
Service and Health Education. The practical essentials were 
water and sanitary toilets in Sanitation; routine appraisal 
measures of the individual pupil’s health and prophylactic 
vaccinations under Medical Service, together with the correction 
of gross remediable defects; and the integration of healthful 
living and of health knowledge with actual living of the pupil 
in Health Education. It was sho^Ti that responsibility for the 
bulk of routine for the School Health Service could be placed 
upon the teachers and the pupils, provided two essentials were 
a^ered to, viz. participative training of the teachers at a 
Demonstration Centre or a Science Institute and provision of 
adequate supervision of the established routine by the medical 
officer and the nurse. Thus it was possible to undertake the 
bulk of the essentials of a School Health Service through local 
voluntary effort, instead of cash purchase which was made 
available for technical supervision and medical supplies. This 
principle can easily be applied in India in many departments of 
public health where a complete cash purchase is not possible 
at the present moment, by securing the co-oi>eration of the 
inter-related sections of social services. 

If Great Britain can spend 18*2% of the revenue for education 
and 22*7% for medical protection, India should be ashamed to 
spend the insignificant percentage of 8-4% and 3-4% respectively 
of the revenue on these heads. Agriculture and Animal 
Husbandry may be less important in highly industnadized Great 
Britain, but it is of such vital importance to the health and life of 
the chiefly agricultural Indian population that a paltr^^ expendi- 
ture of 1 • 7 % of the revenue is scandalous. Rural hygiene, at least 
in its peripheral units, must be treated as a co-ordinated part 
of Rural Reconstmction, because rural health is very intimately 
bound up with the other economic and social factors pc^rtaining 
to the improvement of the socio-economic status. Thus the 
departments of industries, irrigation, fisheries, co-operation and 
communications actively co-operate in other countries, with the 
public health programme in raising the stature of total health. 
It is a matter of great regret that those departments have 
hitherto failed to secure the necessary help and co-ordination in 
India. A national effort requires the pooling of all the available 
resources of the nation. The failure of such an effort has 
resulted in the neglect of proper drainage of the soil and the 
resultant creation of man-made malaria and in the development 
of communications without due regard to the requirements of 
marketing of agricultural produce and of the supply of medical 
aid to rural areas. It will thus be seen that, in national planning, 
any departmebtal planning must form an organic part of the 
total requirements. 
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In the maintenanoe of health, the State must provide 
for a social machinery to assure living standards adequate fw 
the pmpose. This refers to the improvement of economic 
status, nutrition, housing, physical fitness and recreation, 
co-ordinated with education and social ajssistance. Hardly any 
system of social assistance has been developed in India. Social 
assistance includes old age and invalidity pensions, compensation 
for physical injury or disease in the course of work, sickness 
benefit, unemployment benefit, etc. It must be remembered 
that in Great Britain, the National Health Insurance Scheme, 
which provides for medical ckssistance and other benefits in cash 
or kind to over 15,000,000 people between the ages of 16 and 70 

i rears, is the Ickrgest health service outside the activities of the 
ooal bodies, which assume much more inclusive public health 
and social protection than in India. Prevention of disease 
includes impersonal services like food and drugs control, water- 
supplies, sewage disposal, etc., and the control of communicable 
diseases. The necessity for medical relief comes in where the 
efforts of the State to maintain the health and to prevent diseases 
have failed. As such, curative medicine should occupy a com- 
paratively small place in the national health programme. This 
includes personal services, such as maternity and child welfare, 
school health and occupational hygiene and the institutions for 
the early diagnosis and preventive treatment of diseases — 
hospitals, convalescent homes, sanatoria and work colonies, 
dispensaries and peripheral health centres. Unless the Indian 
administration views at public health from this angle, the l6kg 
cannot be made up. 

3. Backwardness of, and lack of methodology in, education. 

Sir George Newman (1939) has said that ‘National health — 
in every country in the world, everywhere, and all the time — 
depends upon first the knowledge of science or art of medicine 
discovered, tested, verified, proved and then upon its social 
application by the medical practitioner, by the State, and by 
the people of that State. WitJumt that knowledge, there is no 
knowing, without that application there is no going\ The better 
application of this knowledge by the State and its wider usage 
by an educated and disciplined people is now recognized to be 
essential to ensure co-ojieration with any health scheme and to 
build up an efficient and healthy people. The lack of an aim 
and methodology in general education has resulted in wastckge of 
effort and achievement of results in obtaining the necessary 
scientific outlook and in the intelligent participation and practice^ 
in social fields. Science is taught in a perfimctory manner in 
schools and the pupils seldom practise health an(^ participate in 
public health activities. There is not a single official school 
nurse throughout India, whereas England employs 5,413. In the 
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same ratio, India would need 38,017. How can one expect to 
aobieve results in India, if only 8*4% of the revenue, in comparison 
with Great Britain’s 18*2% is spent for education and when 
teachers are not properly trained in the participation of public 
health work even for the school population, not to speak of the 
general population ? A thorough overhaul of the general 
educational system has got to bo fitted into the map of national 
planning. 

4. Defects in the training and supply of technical personnel. 

State Medicine has been defined as ‘the rendering available 
for every member of the community, irrespective of any necessary 
relationship to the conditions of individual payment of all the 
potentialities of preventive and curative medicine*. Tlie next in 
order of importance in health planning after developing the 
methodology is to train the appropriate categories of personnel 
in order to put into effect the methods for the whole population. 
The quality of medical care depends upon an intidligent inter- 
pretation of the correlation of scientific knowledge in its 
application to the needs of the individual. This can be accom- 
plished only by trained and experienced personnel who realize 
the significance of that knowledge and have the discriminating 
judgment necessary for its proper use. 

While continued endeavours have been made in Great 
Britain and other advanced countries since the early years of 
the present century to improve and adapt medical education to 
the needs of the changing socio-economic problems, the metho- 
dology of education in India has hardly kept pace with the 
changing environment and requirements. 

The chief medical worker is the physician. He puts the 
teaching of medical science into practice and leads the people 
in their fight against disease and towards a healthier and more 
joyful life. The training of medical personnel, therefore, is an 
important matter in mobilizing them — ^for the type of service 
needed. Twenty-five years ago the medical curriculum in all 
civilized countries was directed to the study of morbidity; to-day 
the basic line is physiological. Medicine is now developing more 
and more into applied physiology. The new British medical 
currietdum (1938) has shifted the centre of gravity of medical 
education from the study of disease to the study of human health 
as the primary business of the student and has emphasized that 
a starting point for a medical course is not disease but health. 
The General Medical Council desired that ‘(1) throughout the 
whole period of study the education of the student should be 
directed by his teachers (a) to the importance of the measures 
by which normal health may be assessed and maintained, and (6) 
to the principles and practice of the prevention of disease; (2) 
instruction in normal reactions of the body to injury and infection, 
as an introduction to general pathology*. The Indian Medical 
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Council (1983) has also laid down ‘that throughout the whole 
period of study the attention of the student should be directed 
by his teachers to the importance of the preventive aspects of 
medicine, and of measures for the assessment of normal health’. 
The ideas expressed above seem to be identical but their applica- 
tion is different, for none of the teaching medical institutions in 
India has so far put this principle into practice. In fact, the 
training imparted in this country seems to be exotic in character 
based on English methods and has frequently no bearing on the 
needs of the country or of a consistent public health policy. 
It is only a bad imitation of what is done in Europe. 

Where medicine is so integral a part of the general life of 
the nation, the social sciences must be given a large place in the 
curriculum. A case of illness is to be discussed not only from the 
clinical or pathological point of view but in all its complexity 
including the social and economic factors involved. Thus 
sociology is coming more and more to the forefront in its mani- 
fold relationship to private and public medicine, to personal 
hygiene, to national health, to social and individual psychology, 
to the economic structure of the society and to public health 
administration. Unless the student realizes, during his period of 
training, that a knowledge of chemical, physical and biological 
phenomena of disease and of a grasp of the social and economic 
factors which influence the methods of dealing with sickness and 
prevention of disease are only tools which are being placed in his 
hands for service, he cannot be expected to be a useful doctor 
for the country. Health should mean more than the absence of 
disease; the spreading of disease should, therefore, become a 
social offence. 

Sir George Newman’s idea of a modem practitioner is that 
*he should possess a preventive appreciation towards the wide 
field of prevention in general midwifery and surgery and that 
he should have a community consciousness and specific knowledge 
of the statutory obligations that he may possess’. If preventive 
medicine has to have a pervading infiuence in all parts of the 
curriculum, how is this to be imparted in the successive stages ? 
From the very beginning the teaching of the clinical and non- 
clinical subjects may be brought closer together in their applied 
and public health aspects. It is not possible to introduce this 
unless the teachers themselves appreciate its importance and 
willingly co-operate in making it a success. So far as public 
health was concerned, the Peking Union Medical College in China 
tried an experiment (1934), which is worthy of consideration. 
As clinical clerkships are given to students in the hospitals to 
^t an insight into the causation and pathology of diseases, in 
like manner public health clerkships were given to students for a 
couple of months at a Health Centre working in collaboration 
with the regional hospital. The students studied the cases in 
the field in all their clinical, epidemiological and social bearings 
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and control, and actually participated in the methods of applica- 
tion of public health procedures. This helped to remove the 
idea from the minds of the students that they had to deal with 
curative medicine alone in the hospital, as also after passing 
out. A close co-operation between the clinical and public liealth 
group of teachers and an arrangement for joint teaching wore 
secured. It was found that when the students understood the 
epidemiological and social implications of disease or failure of 
health, both in urban and rural areas, they were more inclined 
to settle down in rural areas and thus began to render more 
useful service to the nation than in the past. This (‘Permeation ’) 
experiment of public health clerkship might be tried in India 
not only to re-orientate medical teaching but also to encourage 
students to work in rural areas. Or, an experiment which was 
tried in Russia might be tried here, viz. of selecting students for 
admission into the medical schools and collegt^s from the areas 
where national health planning needed their st^rvices. Free- 
studentships and scholarships were offered to such students in 
Russia on condition that they practised in rural areas for three 
years. This is an alternative method by which the disproportion 
between the distribution of qualified doctors in urban and rural 
areas may be remedied. Once in three years, such doctors were 
required to undergo post-graduate instruction at the cost of the 
State, not only to stimulate the doctors thereby to contribute to 
advances in medical science but to assist them to place the* new 
knowledge gathered at the disposal of the social, economic and 
communal needs of the society — ^nutrition, immunization, hoaltli 
education, physiological assessment, physical and mental 
welfare, etc. 

The problem in India to-day is how to n-medy the 
lag betwe en scientific progress and its application to the benefit 
of the individual and the community, how to adapt our medical 
education to the needs of the changing socio-economic and 
political environment and how to train the necessary technical 
personnel for carrying out the national health programme and 
to supervise its various units. Let us try to estimate the number 
of doctors — institutional and public health — nurses, midwives, 
daiSy dentists, pharmacists, sanitary inspectors, dressers, health 
assistants and publicity officers needed for an organization 
visualized as above. 

We need three types of doctors — (1) practitioners for 
therapeutics (medicine and surgery) and general prophylactic 
workers, (2) public health physicians, and (3) specialists for the 
protection of mother and child. These may be considered as the 
officers in the army engaged in fighting ^sease but like every 
army the medical corps requires a large number of non- 
commissioned officers, such as nurses and technicians, without 
whom medicine will not fulfil its^ task. Health assistants, 
sanitary inspectors, midwives, laboratory technicians, dentists, 
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pbaimacists’ assistants, eto., may be inolnded in the latter 
categoiy. We need also an aooessory type of personnel which 
consists of orderlies, hospital employees, ambulance drivers, etc. 
Lastly, the role of voluntary workers — ^men and women, boys and 
girls-^ffiliated to some social service organization should not be 
underestimated. The education and training of each of these 
categories of personnel have to be attended to in its theoretical 
and ^ctical aspects. 

There are 600,000 villages in India and, if we have to supply 
a qualified doctor, with public health qualifications, to a group 
of say 3 villages, we shall require 200,000 trained physicians 
to man the peripheral units of the rural medical relief turn 
public health organization. Besides these, we need better 
trained workers for the purpose of supervision or for supplying 
service which requires specialized knowledge and skill. Assuming 
that 10% of the total personnel would be engaged in supervision 
work, we need 20,000 supervisors. Besides these, specialized 
service may require another 10,000 highly skilled doctors. This 
means that if we are to reconstruct public health on a new 
bwis, we should require at least 230,000 trained doctors of 
different categories. As a result of scientific medical training in 
India for the last 100 years the number of qualified practitioners 
is to-day only 42,000. If we have to go on at this rate it will 
take for us another 160 years to get the required number. Russia 
was faced after the revolution with the same problem. She was 
therefore compelled to quickly increase the number of medical 
students to get the required number of physicians. Between 
1913 and 1933 the increase was 4 times. In i913 the number of 
qualified doctors was 19,786, in 1924 it was 33,000 and it now 
exceeds 110,000. The training of other categories of personnel, 
which will run into several thousands, will also have to be 
thought of in terms of the developing needs of the situation 
in a given area. 

Medical education will have, therefore, to be thoroughly 
reorganized and adapted to the new requirements. Social 
science must be given an adequate importance in the curriculum. 
It will not suffice fon the student to get his training in the 
hospital wards alone but it should be extended to community 
fields, in order to give him an idea of the applicability of medical 
knowledge towards the maintenance of health and prevention of 
disease in the community. The university should not only 
arrange to train the necessary personnel but also help in evolving 
practical methods of solving the various problems and to extend 
those methods to the community. The appointment of a Chair 
of Medical Sociology and one of History of Medicine seems to be 
an urgent initial step. 

As in medical relief so in public health, we should have 
. field demonstration centres, urban and rural, in connection with 
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teaching. These wiU supply a student with a proper outlook 
about his responsibilities to the community, without which he is 
likely to be a misfit. It has already been said that the failure 
to establish scientific methodology in determining tools for 
community welfare is one of the chief factors responsible for the 
present social lag throughout the world. Successful methodology 
for community utilization of knowledge within economic prac- 
ticability will also have to be taken up by the universities for 
investigation. So long as we cannot secure the required volume 
of personnel, the lag between this and the community utilization 
of knowledge can be considerably removed if we have at onr 
disposal a successfully tried methodology for the application of 
public health reform and medical protection. For example, 
in spite of an insufficiency of trained personnel in Java, small- 
pox and cholera have been practically wiped out at less cost per 
capita and less staff than in India. 

It will be pertinent in this connection to think of what 
is going to happen to the indigenous systems of medicine which 
have been prevalent in India since the ancient and mediaeval 
days. I cannot do better than quote, in this connection, the 
following extract from the Convocation Address of Sir Nilratan 
Sircar, delivered before the Andhra University on the 7th 
October, 1939: ‘With the establishment of provincial autonomy 
in the provinces, efforts are being made to give official recognition 
to the Ayurvedic, Unani and Homeopathic systems of medicine. 
The basic sciences of chemistry, physics, biology, physiology, 
pharmacology, pathology and bacteriology are the same all over 
the world. The present tendency to register practitioners of 
various so-called systems of medicine, lacking systematic scientific 
training of any sort, is a move in the wrong direction. We do 
not call a bcurister or an advocate now practising in India 
according to communal denominations. Science is progressive 
and must be the same throughout the world. The criterion of 
the right of a doctor to medical practice, or to the privilege of 
registration, must depend on the basic knowledge he possesses 
of the fundamental sciences of chemistry, ph^^ics, anatomy, 
physiology, pharmacology, pathology and of medicine, surgery, 
midwifery, and other cognate subjects. No system of medicine. 
Ayurvedic, Unani or any other, can get on without the help of 
modern basic sciences. There should be no spirit of com- 
munalism or opportunism of false economy concerning matters 
of life and death of millions of ignorant and helpless villagers 
whom we have failed to educate or elevate. The question of 
l>revention of epidemic diseases cannot be successfully solved, 
unless scientific methods of proved efficiency are adopted. How 
can we apply all the different systems of medicine towards the 
end? The proper move should be to have only one medical 
science which has been worked out by the scientists all over the 
world, incorporating into it whatever good there may be in the 
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indigenous jnedicel scionoee of the country. If this is done 
there will be only one medical register in the country which 
should facilitate the control of medical relief and sanitation 
for the entire population. It is for this reason that I am com- 
pelled to discourage the teaching of the so-called medical systems^ 
without the help of the basic sciences. If India is to achieve 
her place among the first rank nations of the world, she must 
advance with the help of modem sciences and she must dis- 
courage retrograde measures of the sort that are being encouraged 
in some of the provinces, without forethought and imagination. 

5 * Research and public health progress. 

Medical and Veterinary Research in India has been shabbily 
treated and badly organized. Researches have been carried out 
on many diseases in India but very few of them have been 
undertaken to solve specific health problems and, even when the 
results of such investigations have been made known, there has 
been little attempt to apply them into practice. For example, 
the Plague Commission of 1895 carried out excellent investiga- 
tions into the epidemiology of plague; still 31 years after the 
publication of the report plague caused 28,169 deaths in one 
year (1937) and the Public Health Commissioner for India 
opined that unless cheap designs for rat-proof houses could be 
designed, as in Java, for rural areas, where 92% of the deaths 
occurred, the prevention of plague could not be ^ected. How 
is it that in one country the lag between knowledge and its 
application (Java) has been overcome and not in the other 
(India) ? Likewise the Public Health Commissioner notes 
(1937), with regard to cholera, that ‘If every Indian village were 
provided with a protected water-supply and were to practise a 
sanitary method for the disposed of refuse and night-soil there 
would undoubtedly follow a marked and permanent reduction 
in the incidence of bowel diseases, such as cholera, dysentery^ 
diarrhoea and typhoid, whilst guinea-worm infection, which 
causes a large amount of suffering and incapacitation, would also 
bo suppressed \ The installation of tube-wells has been suggested 
as a remedy. Further, it is noted that only 13% of towns 
with a x>opulation below 30,000, 56% having a population between 
30^-50,000 and 78% haviL.g a population of over 50,000 have a 
piped vrater-supply. The number of villages with protected 
water-supply is stated to be negligible. These diseases caused 
nearly 500,000 deaths in the year 1937. If only a fraction of the 
economic loss consequent on death and invalidity from these 
diseases could be spent hi adopting methods which were developed 
by field research, this unnecessary wastage of human life could 
be jH^vented. But lag could not be removed here, as 
elsewhere, owing to inadequate investigation and the adoption 
of a bold public health policy. A sin^r lag is noticeable in 
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the conservation of animal health in the interests of human 
health. It is needless to emphasize the importance of field 
enquiries in a country which is chiefly agiicultural and where 
every variety of soil, climate, race, diet and habits is prevalent. 
The universities and their afSliated medical institutions have 
neglected to encourage applied medical research and have failed 
to keep a living contact with the needs of the country. A 
thorough reorganization of the educational system, particularly 
in its scientific aspects, is urgently called for. 

Researches should be centralized in onler to ensure 
co-ordination and avoid overlapping. The provinces may take 
up local problems, while the centre may take up problems of an 
aU-India character for investigation. This necessitates careful 
planning and co-ordination of various schemes of research in all 
branches of science, whether pure or applied. Pure sciemtifio 
research is as essential as that specifically devoted to the attain- 
ment of any medical, public health or industrial object. The 
detailed planning of research must be in the hands of those 
with the necessary specialized knowledge and they must be able 
to act without suspicion of political or racial influence. The 
formation of a National Research Council for India is overdue. 
With a view to harnessing science in the service of man, it is 
necessary to explore ways and means for extending the existing 
machinery of scientific education in the country, from the school 
to the university stage, develop applied scientific training and 
research, and, finally, to see that such research is undertaken with 
a definite end in view and not outside the ambit of planning 
for public health. The most useful investigation at the present 
moment should be directed to the extension of medical knowledge 
for actual utilization by the villager. The universiti in India 
have hitherto failed to fulfil their research function, because of 
the service organization and of the multifarious obligations of 
the workers in affiliated medical institutions. 

Hardly any investigations have been carried out in India 
on occupational hygiene. Industrial medical research can be 
divided into two categories: — (1) physiological research con- 
cerned with the study of the effect of environment and of 
occupation of the individual and (2) the organized application 
of science to the population in providing standards of medical 
protection for the maintenance of health and cure of disease and 
thereby increasing the output and welfare of labour. It is 
necessary for this purpose to organize fundamental ‘pure* 
research at central or university laboratories and ‘applied* 
research in the industry itself, thus establishing a channel of 
communication between fundamental science and its application. 
Industrial medical research is successful ip. proportion to its 
co-ordination with the national planned organization of science. 
This visualizes a horizontal all-I:^ia scientific planning organiza- 
tion, constituted as part of national economy from which various 
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Bpeoial vertical functions would be derived, of which one would 
be industrial scientific research with a specific division for 
Medical, in so far as it relates to problems arising from the 
human factors of production. 

Apart from research, the economic implications of health 
protection of the worker needs the development of a well- 
planned* system of social insurance^ The system of social 
insurance differs, as regards its thoroughness of protection and 
organization in different countries ; it is more thorough in Soviet 
Russia than in the Western European countries. Before India 
wishes to adopt any one system, it is necessary to study the 
methodology of its applications in the field. This will save 
unnecessary complications and wastage of efforts in future. 

Having devoted the first eleven years of my career to the 
bacteriology, pathology and clinical investigations of a number 
of human diseases, I realized the close relationships of social 
science to research when I took up tuberculosis as my object of 
study fourteen years ago. I got the first insight into the problem 
by a study of the epidemiology and pathology of the disease. 
Although some bacteriological investigations were taken up, 
they were undertaken with a view to solve related but unsolv^ 
problems. The problem as to how tuberculosis reacts to 
industrialization in an agricultural country is now engaging our 
attention. Since tuberculosis is a social disease, the investigation 
of the homo conditions and environment of the cases cannot be 
left out of account in studying the disease. Thus I have been 
dragged from the laboratory to the ailing man, his home and 
environment, his place of work and the hazards to which he 
is exposed there, and to his habits, customs and movements. 
The study and prevention of such a disease need planning and 
team work for the elucidation of problems and extensive educa- 
tion and suitable administrative action by the State and Local 
authorities for prevention. The application of the results of 
research ought to be the duty of the people and the State. 

6. The supply of drugs and instrurmrUs, 

In spite of the fact that India abounds in all kinds of 
medioioal plants (Col. Chopra estimates the number to be 2,000) 
and in spite of the fact that many potent drugs had been used 
in India since the pre-Christian era, it is a matter of great regret 
and shame that no attention was paid to a rational and scientific 
investigation of the drug resources of India until lately by the 
Calcutta School of Tropical Medicine and still later by a few 
other centres. Although it is true that a few useful drugs have 
already been found, out of nearly 200 medicinal plants 
investig6^ted by Col. Chopra and his collaborators, it must not 
be forgotten that it Idas taken 20 years for them to tackle 1/lOth 
of the drug resources of the plant kingdom. 
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It is estimated that approximately 90% of the population 
of India have to take recourse to the use of indigenous drugs » 
partly because drugs manufactured by the Western system are 
more costly and partly because no arrangement exists for the 
medicinal treatment of the rural population. 

Col. Chopra is credited with the statement that neaily 
three-fourths of the medicinal plants mentioned in the British and 
other pharmacopoeias grow in India in a state of nature and that 
others can be easily grown. No attempts have, however, been 
made to systematically cultivate and study Indian medicinal 
plants for supplying the population with cheap drugs for the 
treatment of so many preventible diseases in India. For 
example, take the question of the supply of quinine. In spite 
of the fact that, in the absence of more permanent methods of 
eradication of malaria, the administration of quinine is con- 
sidered to be the only feasible and economical anti-malarial 
measure in treating about 100-200 millions of the infected 
population, India produces barely 1/lOth of her requirements of 
this drug and imports the bulk of it from Java at a higher price 
than the cost of production in India. Recent investigations have 
shown that 36>000 acres of suitable land are available in India for 
Cinchona cultivation which could yield seven times the quinine 
required for India. This is another illustration of how things 
are done in India. It is said that the cost of free distribution of 
quinine is very much higher than the price of the drug itself, the 
cost of the ding per individual being only four annas and its 
free distribution costing from twelve annas to a rupee. 

The laissez-faire policy of the Government h^ resulted in 
the export of raw materials from India and to the import of 
finished products into this country, resulting in an economic 
drain. It would be interesting to know that during the year 
1928-29, drugs exported from India amounted to Rs.42 laJdis, 
while the figure for imports was Ils.200 lakhs. Tea dusts of 
over 400 million pounds are annually exported at a nominal 
price, while it comes back to us as alkaloid caffeine valued at 
Rs.6,57,600. It is understood that caffeine could be easily 
manufactured in India at competitive prices, provided the 
railway freight of tea dusts is reduced. It is reported that the 
lag here had been the unwillingness of the Tea Associations of 
India in permitting the manufacture of caffeine from waste tea 
in India. If the State had a policy to foster the development of 
manufacture of indigenous drugs, they could have easily over- 
ridden these objections of an organization with vested interests. 
The same may be said of many drugs like nux vomica, belladonna, 
castor oil, etc. 

The total consiunption of drugs in India prepared by Western 
methods in 1938-39 was B8.2, 20,53, 230, of iraich India produced 
roughly not more than Rs.Tfi lakhs worth of drugs, and to 
produce this quantity of drugs raw materials to the value of at 
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least Bs«10 lAkhs had to be imported. India has to depend on 
foreign countries on the supply of basic chemicals for the 
manu&cture of drugs, particularly alkaloids, organic and 
inorganic acids, coal and wood distillation products and various 
solvents used in the manufacture of synthetic drugs. Unless 
the coal distillation industry is properly organized, India will 
have to depend on foreign countries for the supply of most of 
the synthetic drugs, at a higher expenditure, which are needed 
for medical relief. 

Thus, while the output of drugs manufactured by the 
Western method is small compared with the requirements, the 
vast proportion of the people, chiefly in rural areas, are compelled 
to use indigenous drugs prepared by Vaids and Hakims, 0‘1% 
of whom possess the necessary training and scientific back- 
ground. The responsibility for this widespread use of luiscientific 
medicine lies in the lack of a planned programme to reach 
scientific medicine and tested drugs to the door of the humblest 
citizen. Attention should, therefore, be directed to the following 
immediate requirements which have been accentuated by the 
recent military blockades: (1) the manufacture of chemicals 
including solvents, (2) the production of synthetic drugs of 
known value, (3) an expansion of the investigation of Indian 
medicinal plants with a view to replace foreign drugs, including 
the study of Ajmrvedic and Unani drugs and their standardization 
in known Western terms. This will be one of the means to 
supply cheap medicines to the population suited to the climatic 
conditions of the country, and (4) the cultivation of medicinal 
plants in suitable areas with a view to secure a standard yield of 
the active principles of drugs. The above investigations no 
doubt require extensive research by chemists and pharmacologists 
in close co-operation with the manufacturers. Naturally, no 
single institution is in a position to undertake this huge task. 
The Chemistry departments of various universities, the 
Pharmacology departments of the different medical colleges and 
various official and unofficial research institutes may be requested 
to take up the problem, according to a planned and co-ordinated 
programme, ducted by a Central Advisory Board, consisting 
of the different categories 6f scientific workers, chemists, 
pharmacologists, botanists and industrialists. The State should 
come forwai^ and take the initiative to set up the organization and 
to supply the necessary funds. As soon as the researches reach 
a certain stage, an attempt should be made to compile an Indian 
Pharmacopoeia, for without the standards laid down in such 
a publication the manufacture of the different medicinal prepara- 
tions and their standardization will be rendered difficult and 
slow. It is firmly believed by many pharmacologists, botanists 
and chemists that India can be made self-supporting as regards 
her drug requirements and that the treatment of many diseases 
could thus he provided within the means of the Indian masses, 
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whose paying capacity is unfortunately very poor, provided 
there is a national planning in this regard and provided the 
necessary co-operation and co-ordination are forthcoming 
between various Government institutions, universities and non- 
official workers engaged in similar or allied investigations. 

The remarks which apply to drug supply also applies to the 
supply of instnunents. In spite of 160 years of contact with 
Europe, India has still to import most of her technical instruments 
and apparatus needed for the diagnosis, treatment and investiga- 
tion of diseases. Compare this with Soviet Russia. In 1912, 
she imported 69% of the total value of drugs used; by 1934 the 
imports were only 3% of the total value; by 1940 she must be 
seli^-Bufficient in this regard. By the middle of 1935, there were 
2,600 X-ray apparatus of Soviet manufacture already in use; 
quartz lamps and diathermy apparatus of home production were 
also coming to the market; the output of satisfactory surgical 
needles and syringes was reaching a high figure; and by the 
close of the same year, a supply of some 850 dentists* chairs was 
proceeding from shops established a few months ago. 

7. Financial handicaps to progress. 

Modem public health, which is an integral part of the 
social services like education, agriculture, animal husbandry, 
co-operation and industries, has to be paid for. It has already 
been pointed out that the social services in India are starved at 
the expense of a top-heavy administration and a high expendi- 
ture on defence and police. The salaries in the superior services 
in India are often 3-4 times higher than those paid in France or 
Japan. The actual amount spent on defence and police in India 
is higher than what appears superficially to the casual observer. 
For example, the percentage of revenue shown as being spent 
4fa defence does not include the cost of Frontier defences and 
the heavy loss on strategic railways is stated to be shown 
under other heads. If these are included, the proportionate 
cost on defence will be much higher than what has been in 
Britain before the present war, in spite of the fact that India 
hardly possesses a Navy and an Air Force. The top-heavy 
administration here as elsewhere absorbs a major part of the 
•budget. Similarly, 76% of the Union Board rates, at least in 
Bengal, is made to pay for the chaukidarSf or peripheral police 
agents, leaving very little for putting into operation social 
welfare services in the villages. 

The percentage of revenue spent on education in Britain 
is over twice, while that on preventive and, curative medicine 
is nearly 7 times of what is spent in India. The following 
comparative tables of e^^ndittue on oertain social welfare 
services in England and Wales, India and Bengal will be found 
to be illuminating. 
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Oo mpontkM pit capHa Mpendiiun on certain servieee in 
India and Bengal. 



India as a 
whole 
(Central 
and Pro- 
vincial 
only) 
1937-38. 


Bengal. 



Pro- 

vincial 

1930-40. 

Monicipal 

1937-38. 

^bistriot 

Board 

1937-38. 


Bs. A. P. 

Rs. A. P. 

Rb. a. p. 

Rs. A. P. 

General Administration 

0 7 6 

0 6 0 


.... 

Administration of Justioe 

0 3 0 

0 3 6 



JaOa 

0 1 3 

0 1 0 



Police 

0 6 6 

0 8 0 


0 i 6 

Education . . 
Representation in Indian 

0 7 8 

0 4 6 

0 4 0 

0 1ft 

States 

0 0 6 




Audit 

Tribal Areas (Defence 

0 0 6 




from raids) 

0 1 0 




External Affairs 

0 0 3 




Medical 

0 2 6 

o’*i 7 

0**3 0 

0 0 9 

Public Health 

0 1 4 

0 1 4 

0 2 6 

0 0 9 

Agriculture , . | 

0 1 4 

0 0 6 



Veterinary . . 

0 0 3 

0 0 1 



Industries . . 

0 0 6 





2 1 11 

1 0 6 

0 9 6 

0 4 6 

2 7, i 

0 9 5 

0 4 6 


Comparative Expenditure on Social Servvxa in England and Wales and Bengal. 

Bengal — Provincial, Municipal and District Board (1937-38) as compared to England and 

Wales (1035). 



Expenditure on 
Social Services. 

Annual per capita. 

Percentage of total 
expenditure on 
Soi^l Services. 

Percentage of 
Social Rerxices 
expenditure to 
total Provincial, 
Municipal and 
District Board 
expenditure 
(Rh.14,40.69,409) 

i 

England 

and 

Wales. 

Bengal. 

i 

England 

and 

Wales. 

Bengal. 


Bengal. 

! 

England 

and 

Wales. 

Bengal. 


000 Rs. 

000 Rs. 

Rs. 

Annas. 

Per cent. 

Per cent. 

Per cent. 

Per cent. 

Education 

1»41.74,40 

1,71.60 

36-6 

6 


26*25 

48 

10*70 

11*0 

Medical. 


76.78 Y 


21 ■; 

1 


23 ^ 


5*0 ^ 

JPttblio f 
Health ) 

31,76.63 

68,94 J 

6-5 

1 

k 

1 

6*00 

J 


U6 > 

^OSAL .. 

1.73,50.93 

3,07,32 

420 

10 

32*25 i 

88 

13*10 

20*6 


ton 
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Provincial Expenditure on certain Social Welfare Services in Bengcd, 
Bengal — ^Provincial, Municipal and District Board (1937.38). 



Expendi- 
ture on 
Social 
Services. 

Annual 
per capita. 

Percentage 
of total 
expendi- 
ture on 
Social 
Services. 

Percentage of 
Social Service 
expenditure to 
total 

Provincial, 
Municipal 
and District 
Board 
expenditure 
(R8.14,40,69,40»>> 


000 Rs. 

Annas. 

Per cent. 

Per cent. 

Education 

1,71,60 

6 

48 

11-0 

Medical 

76,78 

n 

23 

60 

Public Health 

68,94 

li 

17 

4*6 

Agriculture 

11,63 

i 

3 

1*0 

Veterinary 

7,22 

i 

1 

0*5 

Co-operation 

11,61 

i 

3 

1-0 

Industnes 

16,06 

i 

6 

1*0 

Total . . 

3,63,73 

11* 

100 

24-0 


It will be futile to plan a co-ordinated scheme of public 
health, as has been visualized here, with such an insigni- 
ficant allocation to the social services. More money has, 
therefore, to be made available for them. There are three ways 
of finding out more money for the cash purchase of public 
health : (i) to make more allocations out of the existing budgets 
to the social welfiire services, or (ii) to increase the income per 
capita and thereby the taxable capacity of the people, or (iii) to 
make use of both these methods. The second of these methods 
requires a thorough national planning in economic uplift and 
will probably require many years before a satisfactory result is 
achieved. Owing to the urgency of national health reform in 
India, however, it seems feasible to suggest some sources fn>m 
where money may be made available. The first and foremost 
is the reduction in the scale of salaries in the superior servioes. 
A * Bolls Boyce administration’ cannot be maintained in a 
* bullock-cart’ country, and so long as the jpopulation remahis 
underfed, uneducated and without the minimum requirements 
for a healthy living, a racial discrimination in the services 
is no longer tenable. In many departments of social welfare, 
the salaries of the superior stoff swallows up 60-80% of the 




308 Proe. 28th L8.C. : Part II: Preaidei/iUal Addresses. ( 40 ) 


total departmental budget. This is a financially unsound 
policy and should be abolished. To take the medical services 
as an example : out of 364 Indian Medical Service Officers, who 
are meant for military duty, as many as 220 are employed in the 
Civil departments in the provinces and the Centre. Their 
salaries and allowances, excluding the charges payable in pensions, 
amoimts to about Bs.60 lakhs a year, of which Rs.l6 lakhs are 
spent in England comprising leave salaries, deputation pay, 
sterling overseas allowance, etc. In Bengal, the non-voted 
expenditure on Medical and Public Health departments amoimts 
to Rs.8, 73,833, of which Rs.2,19,749 constitute expenditure in 
England, out of a total budget of Rs.96,56,296 (1938-39). The 
principle of employing the members of a service, liable for transfer 
to military duty, without any regard for technical competency 
and continuance of tenure, interferes with technical progress and 
throttles the extension of public health measures to large groups 
of low-income population. While not belittling the contributions 
of this service in the past, there is no technical justification for 
continuing the system in the development, distribution and 
application of scientific knowledge in a poor country like India 
any longer. If continued further, it will only act as clogs to the 
wheel of progress. The Military Assistant Surgeons, of whom 
there are 106 in Civil employ, are in a similar category. Sheer 
national necessity compels us to propose drastic reductions in 
the salaries of the superior services in order to make more money 
available for the social services. As an example, it may be men- 
tioned that the transfer of the I.M.S. Officers from Bengal will 
supply a Public Health Nurse to each Thana Unit, totalling 
676. Such a transfer will not hamper the efficiency of the 
administration, in the least, if the existing services and talents 
now available in the country are properly trained and mobilized. 
The same holds good for other superior services. Besides this, 
there is much anomalous difference in the scale of salaries 
of the various services which are expected to do the same or a 
better type of job. For example, medical officers in charge of 
hospitals who do not possess jx^st-graduate qualifications in 
public health or any other subject are given the same salary as 
District Health Officers with D.P.H. qualifications and are 
allowed to practise at the same time. Moreover, the District 
Health Officers have a non-pensionable service, whereas the 
State Medical Officers attached to hospitals have a pensionable 
service. This is not only an injustice done to the Health officers 
but also to the general medical profession who have to face an 
unfair competition. Moreover, if the honorary services of com- 
petent members of the general medical profession are secured 
tor the hospital services, much of the over-head cash expenditure 
in curative medicine can be reduced. It will thus be seen that 
nothing but a thorough reorganization of the services and a 
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aound national financial planning will meet the needs of supplying 
the minimum tequirements for a healthy living for the whole 
population. If Lidia could manage to spend Bs.20 lakhs a 
day now to meet the military obUgations of the present war 
and if lakhs of rupees could be collected in the provinces for 
War Purposes, it would not have been impossible to mobilize 
the necessary finance for a national planning in peace-time had 
there been a desire and a policy in the administration to pursue 
a forward programme. 


8. Lack of institutional planning. 

Hitherto, hospitals have developed in most countries in a 
haphazard fashion according to the dictates of charity or 
exigencies of situation regarding the occurrence of diseases. 
Modem medicine has made diagnosis and therapy of diseases 
not only a highly specialized procedure in many cases but a 
costly method beyond the reach of many individuals in the 
community. In order to offer such diagnosis and treatment, 
free or at a nominal cost, to those who need it, it is necessary to* 
plan the institutions on a regional basis according to the incidence 
of particular diseases in an area. If the findings of the Bhopal 
survey are taken as a basis, only 4% of sick people in this coimtry 
require specialized treatment in highly equipped hospitals with 
specially trained personnel. These findings may not apply to 
all areas and, therefore, each area needs to be surveyed. When 
this is done it will be found that costly institutions with highly 
specialized staff will not be needed in such large numbers as 
now, if the distribution of hospitals and dispensaries is planned 
in such a way that minor ailments are cared for at the peripheral 
dispensaries, ordinary hospitals take care of the intermediate 
categories of cases and the difficult cases are taken to the highly 
specialized base hospitals. What happens now is that the city 
hospitals, like those in Calcutta, which possess highly efficient 
and expensive staff and equipment, deal with all sorts of oases, 
involving not only in wastage of time of the specially trained 
staff but of money as well. 

To reach medical aid speedily to those who need it and to 
transport them to larger institutions where the necessary equip* 
ment and skill are available, a suitable planning in the develop* 
ment of communications is absolutely essential. It is a matter 
of regret that communications have not been developed in 
India to serve the needs of sick population. 

Further, the tendency to construct Itately buildings for 
hospitals in this country, which sinks most of the funds in brick 
and mortar, leaving very little for equipment and efficient 
running and service, is to be deplored. Cheaply constructed 
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hospitals which can last for twenty years would tide over the 
initial stages of economic planning and pave the way for better 
bmldings when money can be made available, but for this 
appropriate research should be undertaken. We hardly find 
any indications for this in India. 

As first steps to remove the lag, every province should have 
a committee on hospital standardization and planning, on which 
the medical associations shotild be represent^. It will be the 
business of such a committee to survey the needs and suggest 
suitable standardized plans for different categories of institutions. 
If this is done, it will be found to be not only less costly but the 
community needs will be more efficiently met through proper 
zoning. 


*9. Look of co-ordination between the inter-related administrative 
departments. 

The Department of Public Health or Social Affairs is 
intimately related to the Department of Rural Reconstruction, 
which again is related to the Departments of Education, 
Agriculture and Animal Husbandry, Industries, Communications 
and Irrigation. Owing to a lack of proper co-ordination between 
them, many excellent public health schemes never fructify, to 
the great detriment of the well-being of the population for 
whom they exist. The functions of the Finance Department 
are said to sit on files for as long as possible and to prevent 
expenditure wherever possible. In order to bring about this 
co-ordination, England had to establish a Ministry of Reconstnic- 
tion in 1919 and China had to establish a Ministry of Co-ordination 
in 1929. In the State, the health programme is only one part 
of the great national programme. Therefore, all Government 
agencies are allies and all should work towards the same end. 
The State has only one purpose — ^to promote the welfare of all 
its citizens without distmction, to raise their material and 
cultural standards and to liberate them from the bonds of poverty, 
ignorance and disease. The physician or health worker in such 
a State is a specialist who knows about disease and who works 
tow ards the fulfilment of the general plan side by side with the 
other civil servants. 

The establishment of provincial ministries of health and 
a federal ministry of hecJth in India is absolutely essential as 
a first step towaids securing this oo-operation. It is desirable 
that in the provinces, the necessary co-operation between health 
(including housing, nutrition, physical fitness, maternal and child 
welfare, school medical services, hospitals and supervision of 
the mescal profession), public relief and social wel&re institu- 
tions should be co-ordinated or united in a single Ministry of 
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Pablio Health or Social Affairs, which keeps in close touch 
with the institutes of Hygiene and co-operates, as much as 
lequired, with the medical faculties. The Ministry should 
eecuie the opinions of an Advisory Board, preferably consisting 
of non-service people with special knowledge of health questions, 
on all important aspects of public health pla nning The division 
and technical value of the work should be so directed as to 
eecure the maximum of efficiency with the minimum of expendi* 
ture, which will again be guided by the principle of co-ordination, 
unity of action and adaptation to local conditions. 

The question of a federal ministry of health in India has been 
mooted since 1920, but it has not yet been solved. The formation 
of the Central Advisory Board of Health in 1937 was a move for 
interprovincial co-ordination, but it is only an advisory body 
without any x)ower to enforce decisions where attempts at co- 
operation fail. This necessarily entails some retransferance of 
power from what has been given to the provinces by the 1936 Act. 
Without an All-India Public Health Act much progress is not 
possible. Only one of the provinces (Madras) has passed a 
Public Health Act (1939), but unless the other provinces possess 
it, very little co-ordinated and standardized progress will be 
achieved. In other words, the federal and provincial 
governments should sit together to frame a scheme of national 
planning in public health and social welfare according to modem 
conception and within the economic competency of the people. 

It will be too diffuse an attempt to visualize the financial 
implications of such a scheme on an all-India basis, but we shall 
try to present the underlying principles of a scheme for a province, 
taking Bengal as an example, because the population of Bengal 
approximates that of England and Wales and of Java, 
two coimtries with two different orientations. 


The Planning of Publio Health in a Province, with 
SPECIAL reference TO BENGAL 

The League of Nations Report on Medico-Social Policy in 
rural areas (1939) lays down that ‘Medico-social policy in country 
districts should begin by the organization of arrangements for 
medical care. This is the normal course of historical development 
for the protection of health, and it is but natural that the first 
step should be that of meeting the most immediate and keenly- 
felt need. The sick suffer, and to relieve them is a humanitarian 
duty ; it is also the means of paving the way for preventive 
xne^oine, which, from the standpoint of public healtn, is more 
important than curative medicine, though as yet less appreciated 
by the public*. Ftom what has already been said, it is evident 
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tlukt the State must be rei^ndble for all medical work, viz. 
curative (or clinical) as well as preventive (or social) medicine, 
for the trainiog and provision of all cadres of personnel, and for 
aU types of establishments and sopjdies. It is understood that 
the service should be provided without any charge to the people, 
and yet the total cost must be such as the people are able to 
bear indirectly through taxation. In India, for a long time to 
come, financkJ stringency may limit the extension of these 
services, but, provid^ a methodology is devised whereby the 
payment for the purchase of health can be made in cash and 
in kind, so long as the economic condition of the country does not 
improve to a sufficiently high level, & substantial degree of 
progress can be achieved. In some European countries, the 
public relief authorities pay selected general practitioners for 
attendance on the poor and, through the extension of sickness 
insurance and other forms of collective medical assistance, the 
sick are given access to the whole armoury of preventive and 
curative services. This has been found to prove less expensive 
in the long run for the responsible agencies. From what has 
been said before, it will be needless to elaborate on the individual 
items, but, in order that an efficient organization is built up, 
the State medical service must be operated ^with the discipline 
expected of a military machine and with the economic manage- 
ment cissociated with an industrial enterprise’. The success 
and efficiency of any group action depends upon organization 
and supervision. The traditional functions of the doctor, 
nurse, midwife, pharmacist, etc., and of traditional hospitals, 
clinics and health bureaus must be scrutinized and, if they do 
not fit adequately into the new scheme, they must be altered. 
If necessary, new types should be evolved to take the place of 
the old. 

The training and supply of personnel is a very imx>ortant 
matter. With regard to the vehicle and content of medical 
education, certain changes fri>m traditional forms will be needed 
to suit the requirements of the organization dictated by modern 
State Medicine. Practical training of all classes of personnel 
would be undertaken in both the urban and the rural units, so 
that the finished products are able to take their place in the 
service without undergoing further special training, which will 
thus result in a saving of time and funds. Post-graduate and 
Befresher Courses are exi>ected to keep the knowledge and 
efficiency of the personnel at the proper level. 

In order to attend to the socio-ecouomio factor, the public 
health adavities must be linked with those of rural reconstruction, 
they being mutually interdependent for success in either sphere. 
^Preventive and curative medioiiie cannot be separated on any 
sound principle, and in any scl^ime of medlbd services must be 
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brought together in close co-ordination. * The preventive 
measures may be divided into the following categories: (1) the 
development of a social machinery to assure living standards 
adequate for the maintenance of health, (2) health education, (3) 
sanitation of environment, (4) epidemiological control of com- 
municable diseases, and (5) organization of early diagnosis and 
preventive treatment of disease. 

The improvement of sanitation of villages is possible only 
when the sanitation of every house is improved. To appreciate 
the magnitude of this statement, we may quote some findings 
of a health survey in one of the units (Closepet) subsidized by the 
Rockefeller Foundation in India. 

Twenty-five per cent of the families in this unit had an 
income under Rs.6 per month, 30% had a monthly income of 
Rs.6-10, 25% between 10 to 15 rupees p.m., 10% between 
B8.15 to 20 p.m. and the rest above Rs.20 p.m. 30% of the 
families had only one room, the rest more than one room. 
l'fi% of the houses were provided with latrines, the rest had no 
latrines. 70% of the houses had no windows and 25% of the 
houses were unfit for habitation. 50% of the houses were 
without drains and in 50% of the houses the cattle w^ere kept in 
living quarters. In 40% of the houses the kitchen refuse was 
stored in the backyard and in 15% it was thrown into the streets. 
In 40% of the houses, the sullage water was led into the backyard 
and in 50% it was led into the street. There was very little 
provision for safe drinking water. In 30% of the houses the 
manure was stored in the backyard and in the rest it was sent 
out to the fields. 

Naturally, in such a population as this the improvement of 
environmental conditions is beyond the competency of a health 
organization, unless there is co-ordination with other social 
services through a department of Rural Reconstruction, which 
comes forward to plan and co-ordinate the Social Services, of 
which Health is one. Even the Department of Rural 
Reconstruction will find it impossible to obtain the desired 
results unless the villagers themselves become health conscious, 
through persistent health propaganda and practice and come 
forward to participate in the health activities of Social Welfare 
Leagues established and managed by them. The participation 
of village headmen, school teachers, medical practitioners and 
ofEicers of the respective State departments will help a long way 
towards achieving the object. 

The results obtain^ in the Closepet Centre was very" 
encouraging as regards the improvement of school hygiene, 
oontrol of epidemics, vaccination, vital statistics and reduction 
of maternal and infantile mortality. It was shown that in&nt 
mortalily among cases conducted by the Centre was 76 per 
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It will be seen that a separate Ministry of Social A£Gftirs» 
which inohidee both preyentive and ouratiye medicine with the 
associated Social Semcesi has been imposed and t^t the 
present dichotomy of preyentiye and ouratiye medicine 
been proposed to be abolished, bringing about oeu^'^ ^ed 
control under an ofEloer, who may be called the Dr of 
Public Health or Social Affairs. As ouratiye medicine occupies 
a small portion of modern preyentiye medicine, it has been 
proposed to abolish the posts of Inspector-Generals and Surgeon- 
Generals and to put an olBGlcer properly trained in modem public 
health administration in charge of all the ser^tions. The posts of 
District Ciyil Surgeons may be abolished in view of the fact 
that the District Medical (Mcer of Health is to function as the 
Head of the District preventive and curative services. 

The District organization, as applicable to Bengal, is shown 
in the following dickgram: — 


SCHEME FOR 

DISTRICT HEALTH ORGANIZATION IN BENGAL 


Population = 50 millions. 

No. of Diatriotfl *= 26. 

Population of a District *= 1-2 millions. 

No. of Sub'diviaions = 72. 

Population of a Sub-division =« 500,000 to 700,000. 
No ofThanas » 600 

Population of a Thana = 50,000 to 80,000. 

No. of Union Boards = 5,084. 

Population of a Union Board = 5,000 to 10,000. 
No. of villages = 100,000. 

Population of a Village — 250 to 500. 


Provincial Headquarters. 

i 

District Headquarters. 
3~5 Sub-diviaions 


Sub-divisional 

Centre. 


(Base) 


Sub-divisional 

Centro. 


Sub-divisional Centre. 
8-9 Thanas. 
(Tertiary Centro.) 


P.XL 


Th&uia 

(Secondary Centro.) 
(tof 4.5 Peripheral Units.) 




/ 




P.U. 


Peripheral Units 
of 2 Union Boards. 
(Primary Ooitro), 

(P.U. *» Peripheral Unit.) 
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In the initial sta^, the ptriphtrai village unit or Primary 
Centre is proposed to inolude two Union Boar^. Each Primary 
Centre will be equipped for services of both curative and pre. 
ventive medicine. It will have a clinic^ a dispensary and 
6 beds, 3 of which will be meant for emergency aid and two for 
abnormal midwifery. The staff will consist of a doctor, an 
Instructor midwife, a compounder and two Health Assistwts. 

Primary Centre will ordinarily deal with the ooneotion of 
minor defects and ailments. The b^innings of a domiciliary 
service may also be attempted here. School health may be 
looked after, with the voluntary assistance of school teachers. 
School teachers may also be utilized in vaccination and other 
types of work, e.g. health education which they can undertake 
with short training. As regards maternity service, it wUl be 
the business of the Instructor midwife to mobilize the indigenous 
dais to train them and to secure their co-operation. In a 
population of 20,000, 400 confinements are expected to occur 
annually, of which 10% may be abnormal. One-third of this 
may be tackled by the trained Instructor midwife. The remain- 
ing two-thirds will have to be sent to the next higher Centre 
(Thana), if expert medical cdd is not available locally. The 
necessary supervision and co-ordination can be oxercis^ from 
the Secondary or thana unit. The peripheral health centres 
should be under a single management and should help to co- 
ordinate all the relevant activities in the territorial zone. They 
may extend their activities by local branch agencies or by 
mobile units. 

Four to five Primary Centres will constitute a Stcondary or 
Thana Centre, The Thana Centre will have a 60-bed hospital, 
containing 10 beds each for medical, surgical, maternity, 
pediatrics, and infectious cases. Less than 50 beds in a hospiti^ 
will increase the overhead cost. There will be a male doctor and 
a female doctor in charge of the hospital and for the supervision 
of the Primary Centres. The hospital, apart from attending to 
such cases as it can manage, will serve as a sorting and diagnostic 
centre, sending the more difficult and appropriate oases to 
institutions possessing more elaborate equipment and staff at 
Bubdivisionaf or district centres and to special institutions like 
tuberculosis hospitf^ and sanatoria, psychiatric institutions 
and convalescent homes. If funds permit, a Visiting Public 
Health Nurse may be stationed here to control the work of 
Instructor midwives and to train village dais. The staff and 
organization may be augmented as the work increases and as 
more funds become available. 

The Thana units will be connected to the more highly, 
organized Sub-divisional Centres, Each Sub-divisional Centre is 
to have a 100-bed hospital, with 20 beds for each of the sections 
provided for at the Thana Centre. There will be a male and a 
female Resident Medical Officer for the hospital and a male or 
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female officer for the clinic and one or two Public Health Nnrsea. 
The public health ride of the work will be in charge of a Sub* 
divisional or Assistant Health Officer who will exercise both 
executive and supervisory functions. There will be a diagnostic 
laboratory attached to the hospital. If competent doctors are 
available at the Sub-divisional town who are prepared to work 
as Honorary Physicians or Suigeons to the hospital or clinic, 
their services should be thankfully accepted provided they 
undergo a short course of training at the Experimental Training 
Centre, which will be attached to the Sub-divisional Centre. 
This training centre will be responsible for training midwives, 
health assistants, compounders and nurses, will develop the 
methodology of work applicable to the area, and will assess the 
cost and results of the technique employed. It will also help in 
stimulating the local authorities and the population to extend 
the public health activities. This method has been found useful 
in several European countries and in U.S.A., China, Ceylon and 
some parts of India (Rockefeller Units). There will be some 
auxUliary poisonnel attached to the Sub-divisional Units, such as 
Sanitary Inspectors and Health Assistants to control epidemics, 
if and when they occur, and Publicity Assistants to aid in health 
education. A School Health Officer may be appointed, if funds 
are available. If not, the voluntary services ot teachers may be 
requisitioned, while exercising supervision and training by 
technical staff. 

The Secondary Health Centres must be equipped in such a 
way that they are able to supplement the work of the Primary 
Centres on the technical side and that patients may be moved 
from one institution to the other as needed. The division of 
work botuwn these centres will depend mainly on the means of 
oommunitation available and on whether the population is 
scattered or concentrated. 

The Sub-divisional Centres will be connected with the more 
highly developi>d District Centre, The District Centre will 
exercise all the functions of the subsidiary centres but in a more 
specialized way. They will also supervise the work of the \vhole 
District. The District headquarters will have a 250-bed hospital, 
with 50 beds for each of the different categories of services. 
Special beds for tuberculosis may be added to this. This haspital 
will be fitted ^ith all necessary modern equipment and will be 
staffed by competent officers. Ten to twelve Resident doctors 
will be needed to run the institution under a whole-time 
Superintendent. The voluntary services of specialist practi- 
tioners in the District headquarters should be utilized as far as 
possible. The laboratory attached to this hospital will undertake 
diagnostic, wnter anal^ sis and food control work. There will be 
one urban and one rural Demonstration cum Training Centre 
attached to this hospital. This will offer training facilities for 
Sanitary Inspectors, institutional and public health nurses and 
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po8t*graduate and refresher courses for the higher personnel 
employed in the District. The whole administration will be 
under a Medical Officer of Health, who will be assisted by 
specialist officers for the special ftmotions of the District organiza- 
tion. It will be seen that the administrative unit suggested 
corresponds to the political unit, which fairly corresponds to the 
distribution and agglomeration of population, marketing and 
transport anangements. The suggested scheme is capable of 
expcmsion without essentially changing its structure. The 
first 6 years in this plaiming may be occupied in organizing 
curative and preventive services to units of 20,000 people. 
When more experience is gathered and mistakes aie avoided, 
the Unit may be duplicated or even triplicated. 

The District Health Administration constitutes a link 
between the provincial and local administrations. It should 
extend to social preventive medicine (health visitors, maternity 
and child welfare, anti-tuberculosis work, etc.), public health 
(housing, water supply, sewerage, etc.) and hospitals, carrying 
out a uniform programme everywhere and aiming at developing 
the various institutions into a balanced whole. The present 
isolationist policy of hospitals and dispensaries should be 
abandoned. In a planned policy, one hospital may deal with 
say acute diseases, another with chronic diseases, a third with 
convalescent cases and so on. 

The proper training of the medical personnel needed for 
the proposed framework is a difficult matter. Exj)erionce has 
shown that a minimum annual expenditure of Rs.S lakhs is 
needed to run an efficient medical college or school. In the 
initial stages, it may not be possible to equip such an institution 
for every district. Efforts should, however, be maao to have 
such ah institution in every Division, which usually consists of 
6 districts. The supply of medical licentiates to medical 
graduates in India to-day is in the proportion of 2:1. 
Before the school system of training is abolished, arrangements 
should be made to provide facilities for the training of the 
medical and public health personnel, needed for the new 
organization, at the teaching institutions and field training 
centres. It would be worth considering whether, after the 
first 2 years* basic training in the medical colleges, curative 
and public health physicians* training should bifurcate in order 
to save time and expense in the initial stages of execution of the 
scheme, when a sufficient number of qualified personnel may not 
be available. The position in Bengal is different, as there are 
already 1,000 doctors employed in rural dispensaries and 2,000 
are practising in rural areas. Out of over 11,000 registered 
doctors in Bengal, only 3,000 are in rural ar^s. 

The Provincial headquarters will provide facilities for the 
tmining of the superior personnel and specialized services and 
will make arrangements for research activities for solving 
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problems offered by the District and subsidiary units. The 
training programme should be drawn up with a view to fit it 
into the eventual whole scheme and the methods devised should 
first be tried experimentally at selected centres before their 
general application is advised, in order to avoid wastage of 
efforts and fluids in future. The Provincial health organization 
should have the help of an Advisory Board, consisting of experts 
in each line, preferably non-officials, who will study problems 
and offer such advice as they think fit. 

The inspection and control of health work under the local 
bodies should be left to the Directpr of Health or Social Affairs. 
Dual control of work under the Government, local bodies and 
voluntary organizations of the present time has often resulted 
in the creation of many administrative difficulties, frequent 
dislocation of work and serious indiscipline in the ranks and 
resentment on the part of local bodies. This policy has already 
been adopted in Madras, Punjab and U.P. and should, therefore, 
be followed in the rest of India. 

The idea is that the curative and preventive services should 
form a co-ordinated whole, ensuring every rural family a minimum 
of attention, especially in oases of confinement, infectious disease 
or accident and in those requiring urgent medical aid. The 
final goal should, however, be to provide for the whole com- 
munity the services of doctor, midwife, nurse, specialists and 
dentists, in addition to laboratory analyses and hospital 
treatment. The aim should bo to prepare a stage-wise and 
co-ordinated programme ‘covering at one and the same time 
both central and local administrations, both environment of the 
family and the individual, both preventive and curative action \ 

Financial impmoations op the Provincial scheme (Bengal) 

Any scheme in which the overhead charges exceed 30% of 
the total earmarked budget is financially unsound. Hence, the 
salaries of the services should be adjusted according to the 
income per head and taxable capacity of the people. 

The close participation of the Rural Reconstruction 
Department, which aims at co-ordinated uplift of the population 
by all the branches of the administration, will not only speed up 
the public health progress but will save a considerable expendi- 
ture for Bocial-ctim-public health progress. Any planning in 
public health is closely related to the general national planning. 

It is understood that the construction of the quarters for 
the health personnel and of the hospitals and clinics will be 
undertakau by the local population. It will serve the purposes 
of national planning, if cheap materials which may last for 
20 3 marB or so are utilized in the construction of houses and 
Institutions. Russia was compelled to adopt this for economic 
reasons in the initial stages of planning. If the methods of 
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natioiial p la nnin g sucoeed, it may be possible to replace the 
temporary structures by more permanent materials at a later 
stage. It is also understood that the local population will 
voluntarily and actively participate in improving personal 
hygiene and environmental sanitation. 

The recurring annual expenditure of a peripheral or Primary 
Centre will be R8.3,000 p.a., that for a Thana Unit Rs.l0»000 p.a.» 
that for a Sub-divisional Unit Rs.50,000 p.a. and that for a District 
Centre Rs.100,000 p.a. This gives us an expenditure of about 
Bs.2 crores for the rural public health organization in all the 
districts. To this should be added the cost of central or basal 
supervision and training centres — Rs.100,000 p.a. Rs.20 lakhs 
p.a. will be needed for 4 Medical Colleges in the four Divisions 
of the Province for training the medical and public health 
personnel. Besides these, a certain amount of capital expendi- 
ture (about Rs.5 lakhs) will be needed for equipping the institu- 
tions with instruments, appliances and drugs, development 
of the Social Assistance machinery is an urgent necessity in the 
furtherance of public health. The expenditure on this head 
cannot be visualized at this moment. 

Let us see how the expenses can be met. The urban popula- 
tion in Bengal is only 1/1 6th of the rural population. Yet the 
per capita expenditure on curative and prevention services in 
municipal areas is Rs.2-1-9, in comparison with only 4 annas and 
4 pies in rural areas. In order to divert more money to rural 
areas, the Government contribution to municipal areas will have 
to be starved for some years. Excluding municipal areas, the 
Government contributes at present (1940-41) Rs.ST, 83,000, the 
District Boards Rs.SS, 38,000 and the Union Boards Re 14,21,403 
or a total of Rs. 1,37,42, ^3 to preventive and curative services. 
Thus there is a deficit of a like amount in financing the suggested 
scheme. This can be made available from various sources. 
One of them is more Government allocation to social welfare 
services. Out of a total per capita expenditure of R8.2-7-5 in 
Bengal, Police expenditure absorbs 8as. and General Administra- 
tion and Administration of Justice together absorb 8 annas 6 pies 
per capita or a total of more than a rupee per head, while only 
4 annas 6 pies per capita is given for education and 3 annas per 
capita for preventive and curative health services. Compare 
this with the per capita expenditure of Rs. 35-9-0 for education 
and Rs.6-9-0 for medical relief and public health in England and 
Wales. The other inter-related social services in provincial 
budgets are similarly starved at the expense of a top-heavy and 
mal^justed administrative machinery. 

lie scheme which we have ventured .to suggest can tie 
made practicable if the cost now being paid by the Government, 
Distri^ Boards and Union Boards is doubled. The present 
per capita expenditure from these sources is 2 annas 9 pies, 
1 anna 1 pie and 6 pies respectively or a total of 4 annas 4 pies* 

21 
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By doubling the figures, the respective contributions will be 
6 annas 6 pies, 2 annas 2 pies and 1 anna or a total of 8 annas 
8 ]pie8. The municipal expenditures are left out of account. This 
is the minimum from where a start can be made. Provided 
the willing co-operation of the population is secured, enough 
contributions in kind will be available for the expansion of the 
scheme* 


Bengal Oovemment's recent scheme. 

The defects in a skeleton scheme of supplying one Sanitary 
Inspector, one Health Assistant and one Medicine Carrier to 
each Thana Unit, numbering 575, introduced in 1927 in Bengal 
have already been referred to. l^cently the Director of Public 
Health in Bengal has formulated a rural hygiene programme by 
combining curative and preventive medicine by a Rural Medical 
Officer, two Health Assistants, a part-time dai and a part-time 
cleaner to 2,500 rural medical units, each comprising two union 
boards. These are proTOsed to be linked, for purposes of 
supervision and control, to Secondary Centres in the sub- 
divisions under an Assistant Medical Officer of Health, assisted 
by 2-4 Sanitary Inspectors and office staff. These Secondary 
Centres are proposed to be linked to the District headquarters 
under a District Medical Officer of Health. The financial 
implications of the present organization and the proposed scheme 
are given below: — 


Contribution H from. 

1 Per capita expenditure. 

Present 

organization. 

Proposed 

scheme. 

Total. 

Government 

Distrirt Boards 

Union Boards 
Municipalities 

Rs. A. P. 

0 2 9 

0 1 1 

0 0 6 

2 1 9 

Rs. A. P. 

0 0 91 

0 0 1 

0 0 81 

0 0 1 

Rs. A. P. 

0 3 61 

0 1 2 

0 1 21 

2 1 91 


The additional expenditure needed in this scheme are 
Ra.22,77,000 from the Government, Rs.2,27,000 from the District 
Boards, R8,21 ,10,000 from the Union Boards and Rs.66,000 from 
the Municipalities. 

It will be seen that, although it marks an advance in the con- 
cept of rural health organization in this scheme, the co-ordination 
and control of the existing curative medical organizations 
(existing and future hospitals and dispensaries) have been left 
where it is in the present dichotomous structure, viz. under 
the Surgeon-General and his subordinates, which goes entirely 
against the idea of unitary control recommended in all modern 
public health schemes. This scheme may, however, very well 
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function as the starting points provided the principles of public 
health administration enunciated by us are followed. The 
scheme seems to be capable of expansion when the necessary 
persoimel is trained, adequate supervision is secured, the metho- 
dology developed and fu^a made available. 

Summary and ‘First Steps’ 

1. A historical review of the evolution of public health in 
India and in other countries, particularly England and Wales, 
has been given. The result of this evolution in Eur-Amerioan 
countries has been that to-day community medical protection 
has become a field of social activity. The major functions of 
social life have been mentioned and the fields of social welfare 
explained. 

2. Some principles of sound public health administration 
have been laid down. 

3. The causes of the lag between science and its application 
in the improvement of public health in India have been indicated 
and suggestions for their removal have been offered. Emphasis 
has been laid on the need for a scientific approach, hitherto 
lacking in India, to modern public health through adherence to 
the essential principles of public health administration. 

4. The essentials for the planning of public health in a 
province, with special reference to Beng^, are discussed and the 
working principles defined. 

The ‘First Steps’ in a province, will be for the department 
of Rural Reconstruction, which should be a co-ordinating 
department, in every province to set up a Planning (Committee, 
with sub-committees on Social Welfare and other technical fields 
of rural reconstruction. The ‘terms of reference’ should be to 
define clearly the objective, to advise on the best way of develop- 
ing and demonstrating the methodology of work proposed, to 
determine how best to apply the same in the wider fields around, 
to determine the method of training the required personnel and of 
proper supervision, control and maintenance of their level of 
efficiency, and to suggest the best means to secure the co-operation 
and co-ordination of the inter-related departments. 

If our suggestions are looked at from a constructive view- 
point, the Rural Reconstruction dejiartments in the various 
provinces will be expected to move in the matter and to determine 
what steps are practicable in applying the various principles for 
efficient and adequate community medical protection in their 
own territories. I have heard jieople to say that unless we get 
complete political and fiscal freedom no progress is possible." 
I do not subscribe to this view, although I admit that freedom 
will speed up the progress in every direction. I firmly believe that 
if we have in us the ‘will to live’, we are capable of purchasing 
public health by payments in kihd so long as adequate cash is 
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not vraOabfe, bat for thk a national desire to live which is notioe* 
able in othw nations, sbookl be present in everybody and 
vohmtaiy partio^tion mnst be forthooming. 
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I. iKTBODironON. 

The Freeident of this section last year made a departure i 
from the usual custom of confining the address to a branch of the 
subject he was most familiar with, and gave instead an address 
on a general review of the progress of agriculture. I shall, 
however, revert to the usual practice. Last year’s address 
had a large portion of it devoted to the value and care of seed. 
It is probably in the fitness of things that my address deals 
with the problem of search for, and production of seed with 
inherent superior characteristics. I shall make a general survey 
of the plant breeding and genetical work in India and in doing 
so, refer largely to two crops, rice and cotton, with which I 
am most famUiar. 

Scientific breeding with crop plants has become a powerful 
and indispensable tool for making agriculture more efficient 
and more fiexible in meeting new demands and supplying the 
needs of men for food and raw material. In the realm of Uvmg 
things with which agriculture deals, the work of the breeder is 
comparable to the work of the inventor in the realm of inanimate 
things with which industry deals, and his work pays in the 
same way that invention pays by replacing continuously the 
old by the new or making possible what was not possible before 
The growing of improved types involves no additional expense 
to the cultivator and the work of breeding improved types has 
formed an important plank in the activities of the agricultural 
departments right from the very beginning. 

Flant breeding in its strict sense means the production of 
better crops, the ultimate test of superiority, with exceptions, 
being greater yield per unit area and hence greater return to the 
grower. In the case of industrial crops like cotton, besides 
yield, the question of quality also comes into consideration in 
deciding the return per acre and hence breeding for quality does 
form part of the brewer’s objective. At the present time breed- 
ing for quality in cotton has become an urgent necessity in 
several tracts since the bulk of the cotton produced in India is 
of short staple, the obtside market for which has considerably 
dwindled. Breeding for quality in food crops, cereals, is still 
not of much importance in our country as the term ’quality ’ is 
incapable of a precise definition and usually has no baring on 
the nutritive v^ue. To mention only one example, the qu^ty 
in rice, as is commonly understood, depends upon the size and 
colour of the grain and upon the extent of polishing it has 
received. Quality from the nutritional point of view is, however, 
quite different and if practical effect is to be given to the find- 
ings of reeearoh work on this problem, (Rami^ el ul., 1939) we 
sh^ have to radically change our kiesa about quality in this 
most important food crop of &e country. 
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Even in industrial crops, for various reasons beyond the 
control of tibe grower, yield under Indian conditions still 
forms the predominant &ctor. Let me try to illustrate this 
with a small example in cotton. The local indigenous cotton 
grown in Central India is of a poor quality, the lint capable of 
spinning only 10-12 counts. There is, however, the Upland 
cotton, which is definitely superior to the indigenous in quality 
and commands a better price in the local market, but does not 
yield quite so well as the indigenous as a rain-fed crop. 
Examination of extensive data on spinning quality and market 
price for cotton (Panse, 1940c) has brought out the foot that 
the premium obtained for the superior quaUty of Upland cotton 
can comx)ensate only a ten per cent, reduction in yield while field 
trials have shown that the reduction in 3 rield by substituting 
indigenous cotton with Upland is much greater than this figure, 
and hence it is not profitable to grow Upland cotton in Central 
India on rain-fed land. 

II. A Survey of Plant Bbebding Results. 
i. Results of plant breeding. 

Scientific plant breeding which is not more than thirty years 
old in India, has been carried on along the traditional lines of 
selection, introduction and hybridization. In feet, the methods 
followed are the same that have been followed in the West 
and the principles involved, which are fundamental, are appli- 
cable to all plants in general. It may be worth while at this 
stage to take stock of the practical results that h 0 ^'e emerged 
so fer from this plant breeding work. The only measure of the 
success of this work is the total area occupied by the improved 
types in various parts of the country. Taking India as a whole, 
the total area under the four important crops and the area 
devoted to the improved types evolved by the Departments of 
Agriculture are given below for the year 1937-38. 

Total area Area (acres) 

(acres) under devoted to 

Crop. the crop, improved Percentage. 

{thousand). strains, 

{thousands). 

Rice .. .. 72,277 3,769 62 

Wheat .. .. 36,618 6,930 19*6 

Cotton . . . . 26,683 6,672 22*2 - 

Sugarcane . . 3,818 2,866 74*8 

The area under the improved types of sugarcane is very 
striking because the superiority of these types over the local, 
which these have repla^, has been phmomenaL In feet, the 
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benefit that the ooiintry has gained by the results of plant 
bleeding in this one ax>p, which can be valued in several croree 
of rupees, has becoxne a classical example of plant breeding 
achievement, tiie credit for whidi goes, in a lar^ measure, to 
one of our own members and an ex-President of the Congress, 
Bao Bahadur T. S. Venkataraman. It may be mentioned in 
this connection that the protection given to this crop has been 
an important contributory cause for the rapid spread of improved 
t 3 rpes of sugarcane. Tlmt the area under improved types in 
otW crops is not so striking is due to various causes. For one 
thii^, except in the case of cotton and sugarcane, it is so difficult 
to estimate with any degree 6f accuracy the area imder the 
improved types, the figi^ given above, being only rough 
approximations. Though the percentage area under unproved 
varieties of rice is not considerable taking the country as a 
whole, it is certainly very much higher in individual provinces 
like Madras and Bengal where plant breeding has been carried 
on in this crop for a considerably longer period than in other 
provinces. 

iL Spread of improved types. 

Botanists working in the departments of agriculture might 
produce better types of crops by breeding, but owing to the 
peculiar conditions in which Indian Agriculture is carried on, 
small and scattered holdings, the special tenancy systems, 
financial instability of the grower, the necessity to sell the 
produce with the seed as in cotton, etc., it is almost impossible 
for every individual cultivator to multiply his own seed fiiom the 
improv^ types and an organization is necessary to make such 
seed available to the cultivator. The extent of such organization 
varies in different provinces and States in India. \^ile some 
provinces like the Baniab spend several of rupees every 

year in the multiplication and distribution of seed of improved 
varieties, there is hardly any expenditure under this item in 
some other provinces. It must be mentioned here that the 
amount involved is xiot a gross expenditure to Government, 
but only represents a sum invested and later recouped by the 
sale of the seed. Owing to sudden fluctuations in the market 
prices, particularly in industrial crops, It is possible there may 
be a small loss incurred, in certain seasons, but, considering 
the practical benefit realized, the loss, even if there should be 
any, can be safely ignored. In the case of cotton, the Indian 
Central Cotton Committee finances several seed distribution 
schemes in different provinces and States. Because of the limited 
funds at the dispo^ of the Imperial Council of Agricultural 
Research, they were mainly concerned with financing research 
schemes and now that the resources of this body are likely to 
be augmented, it is up to them to see whether they should 
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not initiate and partly finance seed distribution schemes also in 
cases where such help should prove necessary and useful^ 

We cannot unfortunately compare oun^ves with countries 
in the West on this question. There» the multiplication of 
improved types of crops and making them available to the 
cultivator is carried out by professional seedsmen as a business. 
In fact, in some countries like Denmark and Sweden, the seeds- 
men themselves do the work of breeding superior types. Most 
of the advanced countries have also Seed Acts in force prohibit- 
ing growers from using seed which is not pure and certified. 
The only non-official organization that might take up this 
work is special Co-operative Societies and although a certain 
amount of such work is being done in India, the output forms an 
infinitesimal proportion of the total requirements. 

Any increase in yield which does not come up to ten pe r 
cent is rather difficult to be appreciated by the cultivators and 
in fiict, this is the minimum figure aimed at by most plant 
breeders under ordinary method of cultivation. In several 
cases, the improvement claimed by the breeder as a result of 
extensive trials, is much above this figure. It is generally 
the experience of plant breeders that improved types respond 
very much better than the unselected types to more intensive 
methods of cultivation. 

Of the four crops mentioned above, dropping out sugarcane 
where the area under improved types is very high and has hence 
markedly increased the output in the country, the question 
may be raised whether on accoimt of growing improved types 
in other crops, the output of the country has been perceptibly 
increased. Persons who do not believe that much tenefit 
has occurred from plant breeding work often compare the 
standard yields of crops per acre as published m the crop 
statistics of India with those of other countries to support their 
case. In the case of rice crop, for instance, the average acre 
yield in India, which is 826 lbs. in 1937-38, is about one-third 
to one-fifth of yields obtained in Spam, Italy and Japan. Simi- 
larly, the average acre yield of cotton crop in India is, 89 lbs. 
of lint as compart to 267 lbs. and 631 lbs. respectively in America 
and Egypt. It is hardly realized, however, that India is a big 
continent with very diveigent climatic conditions and rainfsiU 
as compared to countries which register high yields and the total 
area imder the crop in these countries is comimratively small. 
It will be hardly legitimate to make such a general comparison 
between countries. So far as can be seen from the published 
records and from personal knowledge of some important 
plant breeding centres in the West, the actual increase in yield 
as a result of plant breeding is generally never higher than 20 per 
cent. This is the figure that has been declared as a workable limit 
for rice breeding in Japan. If Indian acre ^Ids are still low, 
the reasons have to be sought elsewheie. India is an old country 
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benefit tbat the country has gained by the lesnltB of plant 
breeding in this one oropi which can be valued in eeveral orores 
of rupees, 1^ tocome a classical example of plant breeding 
achievement, the credit for which goes, in a lar^ measure, to 
one of our own members and an ex-Presidant of the Congress, 
Bao Bahadur T. S. Venkataraman. It may be mentioned in 
this connection that the protection given to this crop has been 
an important contributory cause for the rapid spread of improved 
types of sugarcane. That the area under improved types in 
other crops is not so striking is due to various causes. For one 
thing, except in the case of cotton and sugarcane, it is so difficult 
to ^imate with any degree of accuracy the area under the 
improved types, the figures given above, being only rough 
approximations. Thou^ the percentage area under improved 
varieties of rice is not considerable taking the country as a 
whole, it is certainly very much higher in individual provinces 
like Madras and Bengal where plant breeding has been carried 
on in this crop for a considerably longer period than in other 
provinces. 

iL Spread of improved types. 

Botanists working in the departments of agriculture might 
produce better types of crops by breeding, but owing to the 
peculiar conditions in which Inchan Agriculture is carried on, 
small and scattered holdings, the special tenancy systems, 
financial instability of the grower, the necessity to sell the 
produce with the seed as in cotton, etc., it is almost impossible 
for every individual cultivator to multiply his own seed from the 
improv^ types and an organization is necessary to make such 
seed available to the cultivator. The extent of such organization 
varies in different provinces and States in India. 'V^le some 
provinces like the Punjab spend of rupees every 

year in the multipli^tion and distribution of seed of improved 
varieties, there is hardly any expenditure under this item in 
some other provinces. It must be mentioned here that the 
amount involved is not a gross expenditure to Government, 
but only represents a sum invested and later recouped by the 
sale of the seed. Owing to sudden fiuctuations in the market 
prices, particularly in industrial crops, It is possible there may 
be a small loss incurred, in certain seasons, but, considering 
the practical benefit realized, the loss, even if there should be 
any, can be safely ignored. In the case of cotton, the Indian 
Central Cotton Committee finances several seed distribution 
schemes in different provinces and States. Because of the limited 
funds at the dispo^ of the Imperial Council of Agricultural 
llesearch, they were mainly concerned with financing research 
schemes and now that the resources of this body are likely to 
be augmented, it is up to them to see whether they should 
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not initiAte and partly finance seed distribution sohemee also in 
cases where such help should prove necessary and usefid. 

We cannot unfortunately compare ourselves with countries 
in the West on this question. Ihere, the multiplication of 
improved types of crops and making them available to the 
cultivator is carried out by professional seedsmen as a business. 
In fact, in some countries like Denmark and Sweden, the seeds- 
men themselves do the work of breeding superior types. Most 
of the advanced countries have also Seed Acts in force prohibit- 
ing growers fix)m using seed which is not pure and certified. 
The only non-official or^nization that might take up this 
work is special Co-operative Societies and although a certain 
amount of such work is being done in India, the output forms an 
infinitesimal proportion of the total requirements. 

Any increase in yield which does not come up to ten per 
cent is rather difficult to be appreciated by the cultivators and 
in fact, this is the minimum figure aimed at by most plant 
breeders under ordinary method of cultivation. In several 
cases, the improvement claimed by the breeder as a result of 
extensive trials, is much above this figure. It is generally 
the experience of plant breeders that improved types respond 
very much better than the unselected types to more intensive 
methods of cultivation. 

Of the four crops mentioned above, dropping out sugarcane 
where the area under improved types is very high and has hence 
markedly increased the output in the country, the question 
may be raised whether on account of growing improved types 
in other crops, the output of the country has been perceptibly 
increased. Persons who do not believe that much l^nefit 
has occurred from plant breeding work often compare the 
standard yields of crops per acre €ts published in the crop 
statistics of India with those of other countries to support their 
case. In the case of rice crop, for instance, the average acre 
yield in India, which is 825 lbs. in 1937-38, is about one-third 
to one-fifth of yields obtained in Spain, Italy and Japan. Simi- 
larly, the average acre yield of cotton crop in India is, 89 lbs. 
of lint as compa^ to 267 lbs. and 531 lbs. respectively in America 
and Egypt. It is hardly realized, however, that India is a big 
continent with very divergent climatic conditions and rainfitU 
as compared to countries which register high yields and the total 
area under the crop in these countries is comparatively small. 
It will be hardly legitimate to make such a general comparison 
between countries. So fiir as can be seen from the published 
record and from personal knowledge of some important 
plant breeding centres in the West, the actual incii^ase in yield 
as a result of plant breeding is generally never higher than 20 per 
cent. This is the figure that has been declared as a workable limit 
for rice breeding in Japan. If Indian acre yields axe still low, 
the reasons have to be sou^t elsewhere. ]fridiia is an old country 
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and manuring is nerer practised. The increased yields of 
strains are masked by the comparatively smaller areas devoted 
to them. In re^ns where strains are grown on a larger scale, 
protected by irrigation and sometimes fertilized, very much 
Mger Acre yhlds are recorded, as for example, Co. 2 cotton 
tract of Coimbatore and deltaic rice tracts of Hadxius. In Egypt, 
cotton yields are hi^ due to irri^ion, heavy mannring and silty 
soils and in America to manuring, virgin soils and protection 
against erosion. In certain rice areas of Madras where suitable 
conditions exist, it has been possible to demonstrate that by the 
growing of improved strains combined with intensive method of 
culture, the acre yields can be ihcreased to 3,000-4,000 lbs. 
per acre, comparable to yields obtained in Japan. 1 am confident 
that plant breeding work in India, both ^m the standard of 
work and the restdts achieved, is quite comparable to similar 
work done in more advanced countries of the West or East. 

iii. Need for improved agricnjiural statistics. 

In this connection it may be useful to raise the question 
of the average yields of crops as published in crop statistics. 
What is the basis of these figures? It is only recently that 
this question is being examined. Even in the case of cotton 
where, due to the cotton cess, it is possible to estimate fEiirly ac- 
curately the total output of the country, the figure arrived at by 
this method differs from the figure given in the statistical reports 
by over 30 per cent. In the case of other crops, some tests made 
in isolated centres have shown that the figures vary from those 
of the statistical reports very considerably. Even the recording 
of the area under any particular crop has been found to be 
inaccurate. So far as can be ascertained, the figures of the 
statistical reports are not of much value. It is a good thing 
that the Imperial Council of Agricultural Research have taken 
up the problem of determining standard yields in wheat and 
rice. A similar investigation is being started for cotton also. 
Granting that the production is certainly higher than what is 
stated to be, such increased production should be reflected in a 
greater well-being of tl^e cultivator, and the question may be 
asked whether there is any indication to that effect. There is, 
however, one thing to be mentioned in this connection, namely, 
that the population of the coimtry has also considerably increased 
and there are probably other considerations which may be 
pertinent though beyond the scope of this discussion. 

III. MbTHODS of BBSBDINa. 

The principles and technique of plant breeding may be 
briefly described here. Of the three methods mentioned earlier, 
namely, selection, introduction and hybridization, introduction 
may probably be left out though there are mstances, almost 
historical, on record, of introduced superior types firom one region 
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to another proTing a phenomenal suooess. Suoh snooesses are 
more an exception than a rule, since it is within the experience 
of plant breeders that the great range of agricultural and climatic 
conditions under which a particuW crop is grown in different 
parts of the country has resulted in special local adaptations 
which naturally limit the scope of such introductions. We 
can consider the other two methods in greater detail. 

i. Selection in natural population. 

In the tropics, the plant material has not received the 
intensive study which has been applied to the temperate crops 
before the ideas of pure lines and Mendelism were brought to 
bear on the problem. Every crop presents a mixture of types. > 
Sometimes there may be a dominance of one {larticular type 
which may amount almost to a condition of purity, but there 
is enough evidence that such approximation to purity has 
risen by the suppression of other t3rpes by natural agency. 
The type best adapted to the prevailing conditions survived, 
but where adaptation for more than one type is sufficiently 
close, a mixture of types forms the crop. Election in such / 
material is nothing but exploitation of the naturally existing 
variability. Have we any methods to say which primary 
selections in the variable material would give the desired 
result ? The answer to such a question is, so far as wo know, 
No, and this is the main reason for considering plant breeding 
as more an art than a science. Intimate familiarity with the 
crop and the scale on which the selections are made and studied 
are often the deciding factors in the attainment of success in the 
method. There is no known method of disoriminatuig the 
important environmental influence on the crop and the testing 
of the progenies in replicated and randomized plots is the only 
criterion to go by. l^e larger the number of initial selections 4 
handled, the greater are the chances of getting a useful type, 
and for the elimination of undesirable types at the initial 
stages, the breeder has still to depend upon his visual observa- 
tions. Although due to the recent advances in statistics as 
applied to agriculture, designs have been evolved to test even 
a very large number of initial selections in a replicated experi- 
ment, (the incomplete randomized blocks and modifications of 
the design), stiU, elimination of a certain number of initial selec- 
tions without actually bringing them imder replicated trials 
cannot be avoided. Usually the initial yield trials carried out by 
the plant breeder in smaller plots are later extended to trials in 
bigger plots under cultivators’ conditions in various parts of the 
tract and the best selection as determined by these series of trials is 
multiplied and made available for distribution to the cultivators. 
It has been the experience of the more successful plant breeders 
that it is not necessary to wait for commencing the district 
trials until the small scale trials are actually flhished, but to 
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cany on the two trials sixnnltaneously in the later sta^. 
Thanks to the work of the Statisticians, the technique of carrying 
out the trials has been very much simplified and reduced to a 
routine, 'l^is is in brief the method followed in the selection 
technique in cereals, rice, wheat, jouxir, etc. These crops are 
almost entirely self-fertilized and the initial selection is itself 
assumed to result in isolating several pure lines and all further 
work is directed towarck determining the best among the several 
pure lines. 

When once pure lines have been established, secondary selec- 
tion is not usually practised in these crops. It was once tried in 
rice in Coimbatore to see if there was still genetic variability in 
one of the established pure lines. Yield was the only criterion 
that was taken into consideration as there was no morphological 
variability in the material. Since the variations in yield observed 
were within the limits of experimental error, it was concluded 
that it was not worth making secondary selections, in this crop. 
There are not many records of systematic secondary selection 
being practised in the cereals and even the few cases mentioned 
have been carried out more from the point of view of characters 
other than yield. In cotton on the other hand, secondary 
selection has always been practised by breeders though, as has 
been pointed out by Mason (1938), the effect of such secondary 
selection has been in most cases only of a small advantage 
while the main improvement has been realized in the primary 
selection. Such secondary selection has been, until very re- 
cently, mainly towards making the selection homozygous, i.e. 
reducing the genetic variability. In cereals when once a selection 
is morphologically pure and also reasonably pure for economic 
characters like duration, height of plant, size of grain, etc., the 
only point for consideration was yield. In the case of cotton, 
however, though yield continues to be the main consideration, 
attention is devoted to two other important characters, namely, 
length of the fibre and the ginning percentage. These two 
quantitative characters, to be mention^ again later, are con- 
trolled by a number of Mendelian factors and it is impossible to 
get absolute hymozygosis for these characters even aj^r several 
generations of sel&ig. Secondary selection has been mainly 
directed to reduce the heterozygosity in these two characters 
to the minimum, and carry forward such of these selections as 
are apparently pure. 

It will he seen from the above that the main principle 
of selection, namely, exploitation of the naturally existing 
genetic variability^ is not lost sight of in the case of mak- 
ing seoondaiy amotion. Hutchinson and Pause (19376) have 
fouiad out thm coivfronmental effects contribute so much to the 
variability of the breeding material that genetic effects remain 
imdetect^ by the usual method of progeny row method and 
have improv^ the technique enabling comparison to be made 
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of gonetio effects freed firom enviionmental disturbances. The 
principle of secondary selection is based on the existence of 
genetical variability, and the attempt of the plant breeder should 
be to obtain a progressive improvement in his material by the 
isolation of superior types arising by segregation in the progeny 
of initially heterozygous selections. The new replicated progeny 
row teohni^e develop^ by them helps the breeder to divide 
the best of his material into two lots, one in which further 
selection is likely to be profitable, and that which has reached 
the limit and may be passed on from the breeding to the testing 
plots. The technique has been used successf^y in cotton 
breeding in Indore and a type with a better quality has been 
evolved from a strain that was considered under the previously 
known methods of breeding to be already fixed for that character. 
In addition to improvements in yield, this technique has also 
proved highly useful in developing cotton selections showing 
high field resistance to the fusarium wUt. From material which 
showed a mean field mortality of 60 per cent, due to wilt, strains 
have been obtained with less than 10 per cent, mortality. 

While the value of this improved technique has been 
definitely demonstrated in the case of cotton, the question 
remains whether it would be worth appl3ring it to other crops, 
particularly, the self-fertilized cereals. An attempt was made 
to use the method in the selection experiments going on at the 
Indore Institute on jowar and linseed. The data so far available 
have definitely shown that, while there was no sign of progressive 
improvement in yield by such secondary selection, genetic 
variability in lodging of straw in jouHir and in resistance to wilt 
in linseed was demonstrated. 

ii. Selection in hybrid population. 

We then come to the question of plant breeding by hybridi- 
zation. When we find that simple selection is not yielding 
any material of value, it means that there is no genetic variability 
to select from, and the only recourse left is to resort to hybridi- 
zation between varieties so that genetic variability would have 
been produced to give scope for selection again. Although plant 
breeders did carry on crossing among varieties even in earlier 
days, the scientific background for the work was provided by the 
re-discovery of Mendel’s Laws in 1900 and which is now a highly 
developed science under the name of Genetics. Mendelian 
principles of heredity are so well known that I need not deal 
with ^em here. The science of Genetics has been of great value 
to the plant breeder in that it has given him a clearer cpnoeption 
of his problems and a better un^rstanding of the processes 
involved in his work. When Mendelism was first brought to 
light, great hopes were entertained of combining into one plant 
various attributes coming from different parents. Whether the 
practical results obtained in economic plant breeding since the 
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advent of Mendelism have been oommensoxate with these hopeSi 
there are difbienoes of opinion. The main aim of eoonomio 
plant breeding is to get greater yields. Using this as the crite- 
non, it is probably a safe assertion to make that the influence 
of the science of genetics has been much less profound on the art 
of plant breeding than was expected by the early geneticists. 
There is, however, one aspect of the genetical knowledge which 
has produced profound results. The knowledge that physio- 
logical characters like resistance to diseases, cold, etc., are also 
inherited in the same way as other characters have 1^ to the 
classical triumphs of Prof. Biflen in producing rust resistant 
wheats and of Prof. Nilsson-Ehle in producing winter resistant 
wheats and barleys. Even in India this aspect of plant breed- 
ing plays an important part and conspicuous successes have 
been obtained. We need mention only as examples the wilt 
resistant arhar of Pusa, wilt resistant cotton of Bombay, and 
blast resistant rice of Madras. 

A reference to the annual reports of the provincial and im- 
perial departments of agriculture in India would give an idea 
of the number of improved types that have been evolved by 

f ilant breeding and it is not necessary to give a list of them here, 
t may, however, be worth mentioning some of the most out- 
standing ones which are now under cultivation very extensively. 

Selections in natural populations: — 

Bice . . GEB. 24 of Madras. 

IndrasaU of Bengal. 

Wheat . . Numbers 4 and 12 of Pusa. 

8A of the Punjab. 

Cotton . . Co. 2 of Madras. 

V. 434 of Central Provinces. 

P. 289F of the Punjab. 

Sind Sudhar of Sind. 

Selections in hybrid populations : — 

Wheat . . Pusa 52. 

C. 618 and C. 691 of the Punjab. 

Cotton • . lvQ27 A.L.F. and Jayawant of Bombay. 
Sugarcane., ^veral Coimbatore types like Co. 213, 
Co. 281, Co. 290, and Co. 419. 

iii. Mixture or Pure strains. 

The question of the utility of growing a mixture of 
types rather than a sin^e type may be considered. The idea 
n^ht appear unscientific to persons accustomed to orthodox 
views of pure lines, homozygosity, etc. Still it will be evident 
from what followa that the problem deserves consideration. 
TheiW has been experimental evidence available with plant 
breeders to show that a mixture of types grown as such, gives 
a greater yield than the components of l^e mixture. Simple 
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iBolfttions of pur©^ types have no doubt proved an ixnprovenient 
over the locw mixtures in several crops like rice, cotton, y<nsar» 
etc., though it is a general experience with plant breeders that 
such improved types are of limited value beyond the narrow 
range of conditions obtaining in small tracts where they were 
isolated. It is more reasonable to assume perhaps that a 
mixture of types should prove of greater utility over a wider 
range of conditions. That certain components of a mixture 
in spite of their poor performance when grown pure, do manage 
to maintam themselves in a fairly constant proportion from 
season to season can only be explained by the advantage they 
get when grown in competition with other types. The Upland 
cotton of Central India, when grown as a pure rain-fed crop, 
suffers badly from diseases and is a poor performer but gams 
in competition when grown mixed with the indigenous cotton. 
There have been experiments going on for the last five years 
with growing these two cottons under different degrees of com- 
petition and while the results as regards 3delds are variable there 
is a definite indication that the Upland cotton gains by compe- 
tition effects from the indigenous. There was, however, one 
consistent result obtained in all the years, namely, that the 
American in the mixed crop suffered less from leaf-roU and 
red-leaf than as a pure crop. There was also an indication 
of the indigenous cotton suffering less from wilt (fusarium) in 
a mixed crop. 

It might be worth mentioning here that there is experi- 
mental evidence to show that mixtures do contribute to better 
spinning quality. For the last two seasons, the material from 
the experiments with mixtures at Indore has been examined by 
the Director of the Technological Laboratory, Bombay, and as 
the figures given below would show, the mixture has a higher 
spinning value than the average of the two constituents, 
sometimes even approaching the value of the better of the 
two constituents. 


Spinning valuee {higheti standard Warp Counts), 


Mixtures. 

1937-38. 

1938-39. 

Actual. 

Average 

of 

consti- 

tuents. 

Dif- 

ference. 

Actual. 

Average 

of 

consti- 1 
tuents. 

Dif- 

ference, 

M9*+M.43-4 

22 

19*75 

.f-226 

16*5 

rntmn 

-0*75 

M9+V. 434 .. 

25 

22*50 

-f2*50 

21*0 


+ 1*50 

U9-{-M.U. 4 . . 

20-5 

19*0 

-fl*50 

24*0 


+ 1*50 


M9 . . An arboreom strain evolved at Indore. 

M. 43-4 . . Another arboreum strain under study at Indore* 

M.U.4 . . An Upland cotton strain tinder study at Indore. 
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That &iAj oonsistoiit resoltie are obtained orest two seasons 
and that similar results haye also been obtained at the experi- 
mental mill» Egyptt (HutidiiDSon, 1938&) diow that the mixtures 
are in no way a disMyantage ^m the spinning point of yiew. 
Eyen granting that the growing of mixtures is proyed to be more 
profitable to the oultiyator, there are seyeral practical difficulties 
in giving effect to the findings, but still such difficulties should 
not preclude the breeder from examining the question. 

IV. BbYELOPBIENT of GBNBnOAIi SODDNOX. 


i. Oeneral. 

In the early years of genetics, all attention was concentrated 
on crossing two types, observing the ratios in which any parti- 
cular character or characters were appearing in the F 2 , and 
deciding that the character or characters were controlled by a 
single fhotor, two factors, complementary factors, duplicate 
factors, etc. Any inheritance phenomenon of a compUoated 
nature was usually ascribed to multiple factors a nd .laid asid e. 
The results all tended to nothing beyond the confirmation of the 
universal applicability of original Mendelian laws and their 
later extensions. The second phase of the development of the 
science of genetics was the study of the chromosomes and the 
unassailable evidence produced that they are the carriers of 
hereditary units or genes. All genetic evidence accumulated 
BO far indicates that the gene offers an efficient mechanism for 
the evolutionary progress of living organism. Studies on the 
morphology of chromosomes and the irregularities in their 
behaviour have been used to determine linkage groups and 
changes in the inheritance of characters and their linkage 
relationship. There are some aspects of cytological research 
which are of great interest and importance to particular breeding 
problems, as for example, the chromosomal interpretation of 
species relationship, the conception of jx^lyploidy and the 
explanation of sterility and peculiar forms of inheritance. 
Breeding programmes involving wide crosses between species 
or even genera are b^^sed upon the results of cytological re- 
search. The use of physical agents like X-rays, radiation, heat, 
cold, etc., has been brought into play to pioduce by artificial 
means changes and disruptions in the composition of chromo- 
somes producing mutations more abundantly and at a quicker 
rate than what were occurring in nature. Move recently alka- 
loids like colchicine has been used to double the chromosome 
complement of an organism and thus make a sterile hybrid 
fertile. The advanoes in these braa^ee of science, genetics 
and pytolpgy, have no doubt had theh effect on plant breeding. 
Hudion (1937) in his excefient review has brought together 
the oases where such advances have been made use of. The 
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advanoes in the two branches which had remained entirely 
distinct through much of their developmental history are aU 
converging to a common e^thesis and understand!^. One 
going through the literature on genetics that is appearing in 
recent times, will be really stunned at the progress that has 
been made. This progress, however, has not hSdn of help to 
evolve plant breeding methods, but the plant breeder has stUl to 
keep abreast of the advances in genetics and cytology and try 
to incorporate the precepts in his own work so that he can have 
a greater control over his material. 

In the field of breeding horticultural and vegetatively pro- 
pagate crops, the value of new genetical and cytological 
techniques is appreciated and in attacking breeding problems 
full use is made of the latest advances in those branches. The 
recent work on potatoes may be mentioned in this coimection. 
The only agric^tural crop, where an effective collaboration 
between geneticists and plant breeders has resulted in results 
of practical value, is maize in America. It is in the breeding 
of self-fertilized crops that the value of such advances has not 
become as apparent as one would wish it to be. 

ii. Oenetical vjork in India, 

The actual position of the work in India in the light of the 
advances mentioned above may now be considered. Although 
actual plant breeding has produced tangible results of economic 
value, probably even more tangible than one would expect from 
the time and mOney spent on it, it must be admitted that the 
latest advances in genetical science have had no appreciable effect 
on this output. It was mentioned earlier that the first phase 
of genetical science was the phenomenon of segregation. If we 
look into the published papers in India within the last 26 years 
(1910-1935), there have been over 200 publications dealing with 
the inheritance of characters in crop plants. A large nmjority of 
them deal with the simple question of MendeUan ratios. It is 
only a few that might be considered to go beyond the question 
of simple ratios. It is known, however, that characters like 
yield itself and those that contribute to it, as for instance, the 
number and size of the ear in cereals like rice and wheat, and 
ginning percentage and lint length in cotton, to mention only a 
few, are quantitative in their inheritance and controlled by 
numerous genes each probably having a small effect and impos- 
sible to distinguish in the later generations of a cross. Qene- 
tical analyses on these characters are hard to follow because 
of their complex inheritance. Recognition of genotypes* 
which is essential for the usual genetic analysis is generally 
very difficult as they cannot be separated from environmental 
fluctuations. Eye judgment in many cases are quite inidequate 
and simple empirical tests are not always available for isolating 
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aH genetio variants. Xbe inberttanoe studies on such qnantij^ 
tive characters have therefors not received as much attention 
as they deserve. 

ue actual geneiical contributions in India are from those 
who are jnactical plant breeders, and crop botanists work^ 
in the departments of agriculture, provincial and imperiaL 
Their work is circumscribed by the immediate and presdng need 
of producing an improved strain of a crop, the introduction of 
which would bring a greater return to the cultivator. The 
material they set to work upon was the crop grown in the cul* 
tivators’ fields which was an untouched and richly variable 
population, and simple selection had given very encoura^g 
results. .Almost all the improved strains that have been given 
out to the cultivators are such simple isolations. By the very 
nature of the material dealt with, and due to local adaptations, 
the strains so evolved with rare exceptions, as for example, GEB. 
24 rice and Co. 2 cotton of Madras, are necessarily limit^ in their 
usefulness to the particular areas in which they were isolated. 
This naturally led to the decentralization of plant breeding re- 
search, which was originally confined to a central station in each 
province, and a numW of small breeding stations one in each of 
the important tracts of the crop, were opened where the crop of 
that locality could be studied. This is the exx>erience in provinces 
where plant breeding work has been going on for a longer time, 
as could be seen from the number of rice breeding stations in 
Madras and the number of cotton breeding stations in Bombay 
and Madras. 

The earlier hybridization work that had been undertaken 
was intended to combine in one individual valuable attributes 
from one or more types and thou^ the breeders did have a 
clear idea of what combination they wanted to achieve, the 
knowledge about the inheritance of the characters, they wanted 
to combine, was however lacking. Such hybridization pro- 
gramme was more or less a hit and miss method and if any 
success had been obtained, it was more an accident. The 
crosses were, however, useM for studying the inheritance of 
some of the easily dMinguishable qu^tative characters and 
most of the publicatiojiiB deal with such inheritance. This is 
practically the position, at any rate, with some of our most 
important crops like rice, cotton and wheat. In millets, where 
selection and genetical studies have been of a more recent date, 
almost all the publications deal with such Mendelian ratios and 
breeding for special yield attributes is still in its infancy. 

Solution work, whether from a naturally variable material 
or from hybrid populations, was probably considered a mere 
routine which any^e with elementary knowledge of genetics 
could undertake. This might be true to some extent because of 
the nature of material one is dealing with in a country like India. 
That stiU greater achievements in plant breeding have not been 
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recorded in bdia, ix^ht be attributed to the fact that the nature 
of the material available to the breeder was not oorreotly under* 
stood and too much emphasis was laid on purity of character, 
morphological and economical. It is desirable for a plant breeder 
to have a sound knowledge of the advances in genetics and 
cytology though he may not yet be in a position to utilize all such 
knowledge in his every-day work. That more tangible results 
have been obtained in some provinces than in others might be 
partly attributed to the fact that breeding work was carried on 
side by side with genetioal studies and abo perhaps to better 
technique employ^. 

V. Gekbtics in Relation to Plant Breeding. 
i. Quantitative inheritance. 

The advance in genetics as applied to the quantitative charac- 
ters and what influence this is likely to have in plant breeding 
technique is dealt with here. It is true that new conceptions of 
multiple factors, quantitative inheritance, transgressive segrega- 
tion, factor combination and inhibition have b^n invoked, but 
these have helped but little in practical plant breeding. The 
study of the inheritance of quantitative characters is intimately 
associated with applied mathematics and it is this that has 
practically scared away earlier geneticists and plant breeders 
from undertaking such studies. The application of statistical 
methods to living things is known as biometry and has developed 
into an important branch of biological investigations. Biometry 
is a necessary mathematical tool for dealing with the inheritance 
of quantitative characters and no modern geneticist can make 
much progress without a good grasp of this branch. As was 
pointed out in an earlier section, the variations on which breeder 
has to work are of two kinds, environmental and genetic, and it 
is only when the latter component forms a substantial portion of 
the total variance, selection can be effective and the problem he 
has always to face is to reduce the environmental variance to the 
minimum by suitable technique. In the case of hybrid progenies, 
the classicai method of sel&g and selecting from Fs and 
so on, has been the chief method follow^ and h^ proved 
successful in cereals, wheat, rice and also in cotton. As practi- 
cal examples of successes in tins line are rice strains evolved 
combining yield and strength of straw, yield and resistance to 
paddy blast, and yield and shorter duration, etc., in Madras. 
Similarly, the case of strains evolved recently by the cotton 
specialist, Coimbatore, combining yield and fine and long lint in 
Cambodia cotton may be mentioned. But such achievements 
have been brought about not with the definite knowledge of 
the inheritance of the particular characters whose comoina- 
tions have formed the end in view. Can the geneticist 



340 Proc. 28th I.S.C. : Part /I: Pmideniial Addfts$es. (16) 

8iigge6t more rational metlmde of wbat to select and how to 
select in the hybrid progenies and give information on the 
ffenetic variance involved in the different generations starting 
from the ? A beginning has been made at Indore to answer 
these questions with regard to cotton and I should refer to the 
work of Br. Y. G. Pause who has just published the first results 
of this study (1930a, 1940&)* Because of the special statistical 
methods involved, the work was carried out with the suggestions^ 
and guidance of l^f. B. A. Fisher. The quantitative character 
studied was lint length which is one of the important and at the 
same time complex character in cotton, in crosses among 
O, arboreum types. 

He has shown from theoretical considerations that the 
genetic portion of the variance in a population can be estimated 
by growing a set of progenies from individuals belonging to that 
population and ta^g the regression of progeny means on 
parental values. This is an important result, for, as has been 
stated before, the capacity of a population to show immediate 
response to selection depends on its genetic variability. The 
genetic variance in the P 2 i)opulation of crosses between C. 620, 
Malvi and Bani was estimated and is shown below; — 


Cross. 

Total 
variance 
in F 2 . 

Genetic ' 
variance. 

Non-genetio 

variance. 

C.520 X Bani 

301 6 

1-643 

1-472 

C.620X Malvi 

3-273 

1-576 

1-697 

Malvi X Bani 

2-416 

0-375 

2-041 


In the first two crosses, nearly half of the variance is 
genetic, but in the third cross it is only fifteen per cent, of the 
total variance. While the bulk of the non-genetic variation 
would be environmental, the presence of dominance and other 
interactions between factors would also contribute to it. The 
effect of non-genetic variability, whatever its source, would 
be to retard the progress made by selection. 

In populations with the same amount of genetic variability 
the degree of improvement achieved by primary selection will 
also be the same but the response to secondary and later selections 
will be determined by the genetic constitution of the character, 
namely, the magnitude and number of factors involved and 
their dominance and epistatic relations. With only a small 
number of factors, the possibility of further improvement by 
selection will soon be exhausted, whereas with a larger number, 
selection can be continued profitably much longer. As the 
variation is continuous and the individual genotypes o€mnot be 
reoogtfiv^^ unlike in simple qualitative characters, only a statis- 
tioal approach is availame to study these questions. It does 
imt mean, however, that the estimation of genetioal variance and 
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the number of Mendelian factors involved will straightaway 
solve the difficulties of the breeder, but if genetics is to play its 
part in the art of plant breeding such studies are essential. 

ii« Eeteroaie. 

It is within the experience of every plant breeder that the 
first generation hybrid is more vigorous than the parents 
and such vigomr di^ppears gradually in successive generations, 
and it is to this phenomenon that the term heterosis has been 
used. We need not go into the theory of heterosis, but it is 
enough to state that the problem of heterosis is the problem of 
the inheritance of quantitative characters. The heterosis 
effect has been demonstrated in crops with regard to several 
economic characters and the greater the gap in the relationship 
between the parents crossed, the greater the expression of 
heterosis. Can the plant breeder make use of the heterosis 
in his work ? In vegetativcly reproduced crops like sugarcane 
and potato, when once the cross has been made, the vigour 
associated with the hybrid can be maintained almost indefinitely.* 
In cases where hybrid seeds can every time be produced 
in sufficient quantities to raise a field crop, the phenomenon 
is of benefit even in crops with sexual reproduction. This 
has been possible in maize and the advance in maize breeding 
in U.S.A. is nothing but the exploitation of this principle. 
Hybrid maize is the most outstanding example of the influence 
of theoretical scientific research in revolutionizing the production 
practices of an agricultural crop. The same principle is being 
applied recently to breeding sugar-beot crop in Sweden. The 
only grain crop of India in which the breeding princdples applied 
to maize, can be used is hajra {Pennisetum typhoidevm), but no 
serious breeding work has yet been taken up in this. 1 n breeding 
self-fertilized crops on the other hand, the expression of heterosis 
in any considerable magnitude is bound to arrest progress in 
selection. In the example of the cotton cross discussed in the 
previous paragraph, the portion shown as non-genetic variance 
would include the effect of heterosis. It must be stated in this 
connection, that it is so difficult to analyze the non-genetio 
variance apart from the fraction due to environmental effect 
into components due to dominance, heterosis, epistacy, etc., as 
they are all interrelated to each other. 

iii. Physiological and Oenetic Correlational 

Another aspect of genetics in which more critical research 
should prove useful to the plant breeder, is with reference to 
characters that show physiological or genetic correlations. It*^ 
must be within the experience of every plan!; breeder that se- 
lection for improvement on a partictdar character results in 
improvement only up to a point. Beyond that, gains are com- 
pensated by depreciation in other characters. Iliere is evidence 
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liaa been brought *in. The only paper wo have relating to the 
eubjeot is that of Fairfield Smith (1937) which relates to wheat 
and he comes to the conclusbn that with a number of lineB 
derived firom a ‘composite hybrid mixture initial field selection 
for yield might be made on the basis of the size of the grain. 
In simple language the principle may be explained as below. 
In every crop the yield could be divided into a whole set of 
different features as for example^ the number of ears^ the number 
of grains per ear and the weight of the individual grain in cereals 
like lice and wheat. The analysis of yield might show that 
certain of these attributes are more variable due to environ- 
mental conditions than others, wd in basing selections for yield, 
more weight should be given to such an attribute that shows less 
variability due to environment. The principle is perhaps not 
new as the developmental studies initiated by Prof. Engledow 
in Cambridge did take into consideration the yield attributes in 
making selections, but no systematic experiment has been made 
on the points. In rice breeding also such attributes of yield as 
tillering, ear size and grain size have been used successfully. 
A necessary requirement for the use of a discrimmant function 
is experimental data to determine what measurements are least 
affected by environmental fiuctuation. In cotton for instance, 
there are several characters which are components of yield such 
as bolls per plant, seed cotton per boU, se^s per boU and lint 
per seed. Though from experience it may be stated that some 
of the above attributes like bolls per plant were much more 
variable than others, an attempt is being made in Indore to get 
experimental data to see how far we can use the ‘discriminant 
function’ in cotton breeding. 

V. Wide Oroases, 

The problem of the wide crosses and stucty of the range of 
variability in crop varieties may be consider^ at this stage. 
This has come to the forefront ^cause of the work of Vavilov 
and other Russian botanists and because of the great advance 
made recently m the study of polyploidy. One often hears of 
the necessity to have a wide collection of types for use in breeding. 
So far as India is concerned, the point has got its possibilities as 
weU as its limitations. For instance in cotton, India being it- 
self the home of one of the most important species G. arboreum^ 
with several secondary centres of origin (Hutchinson and Ghose, 
1937a), there is nothing probably to be gained by bringing in 
new collections from outside so as this species is concerned. 
But the demand for producing better quality cottons in India 
is sometimes considei^ oapame of solution by the increase in 
the cultivation of Cambodia or Upland cotton (Bamanathan, 
1938). All the types of this cotton that are now being grown 
extensively are the relios or acclimatized types of Upland 
Americans introduced from America in earlier years. Sdeotion 
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from th© introduced types of America has not been very fruitful. 
No material from the original source with plenty of genetic 
variability has been tried and it is possible that in its original 
home types may be available that may prove suitable to tracts 
in India which do not grow this cotton now. It is from this 
point of view that an extensive collection of material from 
the original source might prove of interest. Similarly, intensive 
attempts by breeders to improve O. herbaceum cottons of India 
have led to th© same inference that material from outside India 
should be introduced (Bamanathan, 1936). 

With regard to rice, there is plenty of variability to be 
found in th© various inserts of India and there appears to be no 
justification for intr^ucing variable material from outside. 
There are still several unexplored regions within India itself 
and work in Coimbatore has shown that such exploration 
is bound to give the breeders new species, still undeter* 
mined, which may be useful to them. The importance of wide 
crosses particularly with wild types is receiving increasing 
attention and the results of such work elsewhere and in India 
too have been useful in introducing into the cultivated tjrpes, 
characters such as hardiness and resistance to diseases wMoh 
are usually present in wild forms. Prom this point of view, 
collection of wild types is certainly desirable and it has proved 
of practical importance in sugarcane already. Similar results 
are expected in potato also. Exploration of wild types parti- 
cularly in the improvement of fruit has not received any attention 
it deserves in India, though North East India is known to be 
the original home of certain citrus types. 

Though there has not been much of genetical work as 
related to wide crosses in India itself, workers in India have not 
failed to make use of the knowledge accumulated elsewhere 
in attempting wide crosses. More from the scientific point of 
view, some years ago a programme of crosses between different 
species of rice was undertaken in Coimbatore. Some of them 
had proved of cytological interest and in throwing light on the 
phylogeny of rice (Ramanujam, 1938), (Parthasarathy, 1939). 
It is interesting to note that the progenies of one interspecies 
cross O. sativa X 0. longistaminata has given some material of 
economic value. In one of the papers contributed to the 
agricultural section of this year (Sreenivasan et al,, 1941) is 
recorded the obtaining of efrought resistant strains from the 
above cross. It is quite likely other interspecies crosses might 
also give useful bree^g material. 

Regarding interspecies Grosses in cotton though crosses, 
within the Asiatic species and within the New World species are 
practicable and have been extensively tried, ttiere is no record 
to show of any valuable material having been obtained from such 
crosses. Harland’s work (1932) has shown that crosses can 
be effected between the two Asiatio species and between the 
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has been brought^in. 13ie only paper we have relating to the 
aubjeot ia that of Fairfield Smith (1937) which relates to wheat 
and he comes to the conclusion that with a number of lines 
derived from a * composite hybrid mixture’, initial field selection 
for yield might be made on the basis of the size of the grain. 
In simple language the principle may be explained as ^low. 
In every crop the yield could be divided into a whole set of 
different features as for example, the number of ears, the number 
of grains per ear and the wei^t of the individual grain in cereals 
like rice and wheat. The analysis of 3 deld might show that 
certain of these attributes are more variable due to environ- 
mental conditions than others, and in basing selections for yield, 
more weight should be given to such an attribute that shows less 
variability due to environment. The principle is perhaps not 
new as the developmental studies initiated by Prof. Engledow 
in Cambridge did take into consideration the yield attributes in 
making selections, but no systematic experiment has been made 
on the points. In rice breeding also such attributes of yield as 
tillering, ear size and grain size have been used successfully. 
A necessary requirement for the use of a discriminant function 
is experimental data to determine what measurements are least 
affected by environmental fiuctuation. In cotton for instance, 
there are several characters which are components of yield such 
as boUs per plant, seed cotton per boll, se^ per boU and lint 
per seed. Though from experience it may be stated that some 
of the above attributes like boUs per plant were much more 
variable than others, an attempt is being made in Indore to get 
experimental data to see how far we can use the ‘discriminant 
function’ in cotton breeding. 

V. Wide Grosses, 

The problem of the wide crosses and study of the range of 
variability in crop varieties may be consider^ at this stage. 
This has come to the forefront because of the work of Vavilov 
and other Bussiam botanists and because of the great advance 
made recently in the study of polyploidy. One often hears of 
the necessity to have a wide collection of types for use in breeding. 
So far as India is concerned, the point has got its possibilities as 
well as its limitations. For instance in cotton, India being it- 
self the home of one of the most important species O, arboreum^ 
with several secondary centres of origin (Hutchinson and Ghose, 
1937a), there is nothing probably to be gained by bringing in 
new collections from outside so far as this species is concerned. 
But the demand for producing better quality cottons in India 
is sometimes consider^ capable of solution by the increase in 
the cultivation of Cambodia or Upland cotton (Bamanathan, 
1938). All the types of this cotton that are now being grown 
extensivdy are the relics or acclimatized types of Upland 
Americans introduced from America in earlier 3 rears. Selection 
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firom tho ]jitroduc6d types of America has not been very fruitful. 
No material from the original source with plenty of genetic 
variability has been tri^ and it is possible that in its original 
home types may be available that may prove suitable to tracts 
in India which do not grow this cotton now. It is from this 
point of view that an extensive colleotion of material from 
the original source might prove of interest. Similarly, intensive 
attempts by breeders to improve G, herbaceum cottons of India 
have led to the same inference that material from outside India 
should be introduced (Ramanathan, 1936). 

With regard to rice, there is plenty of variability to be 
foimd in the various parts of India and there appears to be no 
justification for introducing variable material from outside. 
There are still several unexplored regions within India itself 
and work in Coimbatore has shown that such exploration 
is bound to give the breeders new species, stDl undeter- 
mined, which may be useful to them. The importance of wide 
crosses particularly with wild t3rpes is receiving increasing 
attention and the results of such work elsewhere and in India 
too have been useful in introducing into the cultivated types, 
characters such as hardiness and resistance to diseases wMoh 
are usually present in wild forms. From this point of view, 
collection of wild types is certainly desirable and it has proved 
of practical importance in sugarcane already. Similar results 
are expected in potato also. Exploration of wild types parti- 
cularly in the improvement of fruit has not received any attention 
it deserves in India, though North East India is known to be 
the original home of certain citrus types. 

Though there has not been much of genetical work as 
related to wide crosses in India itself, workers in India have not 
failed to make use of the knowledge accumulated elsewhere 
in attempting wide crosses. More from the scientific point of 
view, some years ago a programme of crosses betwecni different 
species of rice was undertaken in Coimbatore. Some of them 
had proved of cytological interest and in throwing light on the 
phylogeny of rice (Ramanujam, 1938), (Parthasarathy, 1939). 
It is interesting to note that the progenies of one interspecies 
cross O, aativa X O. I(mgiatarni7vata haus given some material of 
economic value. In one of the papers contributed to the 
agricultural section of this year (Sreenivasan et al., 1941) is 
recorded the obtaining of drought resistant strains from the 
above cross. It is quite likely other interspecies crosses might 
also give useful breeding material. 

Regarding interspecies crosses in cotton though crosses 
within the Asiatic species and within the New World species are 
practicable and have been extensively tried, tkere is no record 
to show of any viduable material having been obtained from such 
crosses. Harland’s work (1932) has shown that crosses can 
be effected between the two A^tic species and between the 
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two New World specks, bnt homologotis oharaotero are built 
up in euch widely different ways in them that the genetic 
mdance is usually disintegrated by segregation in Ff and later 
generations. He has, however, shown (1936) that it was possible 
to transfer single genes or small groups of genes from one species 
to the complement of the other, but not breeding of intermediate 
types. ThU is achieved by the technique of repeated back 
crossing and one of the recent cases where a success has been 
report^ (Enight and Qouston, 1939), is a cross between 
O. hirsuiumxO. barbadenae where the resistance to 'blaokarm’ 
in one of the strains of the former has been transferred to a type 
of the latter using the above technique. The crosses between 
the Asiatio and American species are still wider since they in- 
volve differences in chromosome number as well. But even such 
wider crosses have not scared away plant breeders and have 
been made in Russia and recently in India as weU (Amin, 1940). 
The knowledge about the use of colchicine in doubling chromo- 
somes has encouraged these attempts and since the work is still 
in an experimental stage, nothing can be stated definitely about 
its economic possibilities. 

In fact, the lead in the attempt at wide crosses has come 
from India particularly in sugarcane, due to the enterprise of 
Bao Bahadur Venkatraman. He has succeeded in making such 
wide crosses as between sugarcane and sorghum and more recently 
even between sugarcane and bamboo, ^e latter work, though 
stiU in its infancy, appears to show enormous possibilities of 
improving the sugarcane crop. It must be remembered, how- 
ever, that sugarcane is a vegetatively propagated crop and the 
difficulties of further selection are ab^nt. 

In rice where all the cultivated forms are grouped under 
one single species with the same chromosome number, there 
are geographical races which differ in their chromosome make up. 
Grosm among such races are possible and have been repeatedly 
made in spite of initial difficulties in several cases, but stiU there 
is no record of any considerable practical success having been 
obtained by such crosses anywhere. The case is, however, dif- 
ferent in cotton wherq different races of O. arboreum and O, herba^ 
team exist with the same chromosome numbers and hybridization 
among them within the species has given results of practical 
value. 

vi« LimUaiiona in wide craaaea. 

V^th our present assumption of a large number of genes 
controlling quantitative characters, one should expect to get all 
possible combinations of characters in the F 2 and later genera- 
tions provided, a sufficiently big population is grown of them. 
Recent work by E. Anderson (1939a and b) on the point is very 
illuminating. He has shown by experimental data in a species 
cross in tol:^oo that, however numifold the recombinations might 
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aeem, ^ ^ reality but a smcdl proportion of the pos- 
sible parental species. He discusses the 

powerful! restrictions to chwacter recombination in P* under 
four hea^ * g^iuetic elimination, zygotic elimination, pleiotropy 
and lining®* Evei^ plant breeder must be quite familiar with 
gam^o zygotic eliminations in crosses between species or 
races w]p<^^ mimifeBt themselves by pollen sterility and non- 
viabilit^ of seed produced. The question of pleiotropy where a 
single pAioiary effect of gene results in manifold effects on the 
developm^^i* of the plant has not received as much attention as 
it probat?^y deserves. Recently we have been studying in Indore 
the plei^^^^pi^ effects of one of the genes that is responsible for 
lintlessn^^ ^ cotton. The homozygous lintless type is a much 
shorter j^t^lant with suppressed internodes, somewhat late in matu- 
rity and^^^^^ ^ definitely diSbrent growth rate as compared to the 
tinted lintless type has also shown variations in its 

survivaP^ according to the environmental conditions. The large 
number genes controlling quantitative characters located in 
the varic5^^ chromosomes should, as shown by Anderson, be closely 
linked b »©oause of the restricted number of crossovers possible 
in the cl^omosome. It is definitely proved that in spite of the 
vaiiatior from plant to plant in the hybrids as a group, the 
characte^^ of the parental species or races tend very strongly to 
stay tog i©ther. The above findings have an important bearing 
on plan^f^ improvement. In this connection mention might be 
made o‘**^ ^ serious effort made in Coimbatore over a series of 
yeeoB obtain a valuable combination of characters found in 
differenl®^^ races of rice. One of the types originally imported fipom 
Java ha^^'J ^ special characteristic of very long ears, about twice 
the ^>f ^^7 found in the local types but the length 

was ppensated in this variety by extremely poor tillering, i.e. 

fewe^pM^^^ds per plant. The attempt made was to combine the 
ear ^ ^ of i'hls variety with a greater number of smaller ears 
in atej^ standard strain. The cross was carried on up to 
Pg selecting from each generation in the usual way and 

ultimaf'^oly when the final selections were compared against the 
local st^’ f^oy foiled to approach the yield of the latter. It 
is knov iitat tillering and ear length must be controlled by 
several V]foetors and the failure of the attempt to synthesize this 
desirabL combination only shows that such a combination, high 

B 'lj'aber of one parent with the length of the ear of the other 
e did not occur in the cross. We should probably have 
mtent in this cross with an intermediate tillering and 
> diate size of ear. As Anderson has pointed out tb 4 i 
’^cient way of achieving the desirable combination 
have been to make crosses among selections which 
Lost like one of the parents in ear length with those* 
are most like the other parent in ear number. In this 
stion another interesting cross in rice which has been 
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Ibttempted in the United Ftovinoes might be mentiox|jd ISbtfai 
ei oL, 1937). The problem of rice fly irdestation is im| ‘ ‘ ‘ 

this tract and trials sxe being made to get over the dif 
prodncing types with enelos^ earheads by crossing i 
type with another $athi type, where the earhead remi 
inside the leaf-sheath (oleistogamous). The atUhi rice'k % 
poor yielder and has a coarser ^ain, but cultivators g^|iW 
this one character of its escaping the attack of ear ]|y, 
cross has been carried up to Fg or Fg generation and typte \ 
enclosed ears have been obtain^ which are an improveiiMHit 
the sathi rice, but not comparable to the norm^ typ^ hi 
The inheritance of the enclosed ear type has been stiyie4 
found to be of the midtiple factor type and it is quitapoasiWe 
greater progress might be achieved by crossings amon^ selected 
types, those approaching the sathi parent in ear chaii^otor and 
those approaching the normal type in yield from tl^ hybrid 
generations. This is probably a definite case where jadvances 
in genetical knowledge could be put to practical test in jsconomio 
plant breeding. ' 



VI. 


I 

Maintenance of Purity of Strains.' 


The question of the deterioration of strains once i|&xed and 
released for distribution to the cultivators might be coinsidered. 
It is a usual complaint from cultivators that a straiiij, though 
known to give a good performance to begin with, deteriorates 
after a period of time. Such deterioration where it is proved to 
exist may be either due to non-genetic or genetic causes. i In spite 
of the fact that sugarcane is a vegetatively propagated crop, the 
deterioration of the Coimbatore types intensively cultivated in 
the United Provinces can, from the data available so far, ^ shown 
to be due to greater incidence of pests and diseases be^n^use of 
the faulty agricultural practices, namely, the growin^jof the 
crop repeatedly without sufficient rotation in exhaustj^i soils. 
In the case of self-fertilized cereals like rice and wheat, *£0 far as 
simple (selections) pure lines distributed by the Departments 
are concerned, there ^ is no evidence of such deterioration. 
Once, seed of a strain of rice (GEB. 24) in Madras was <j>btained 
from the district where it had been distributed foVir years 
previously and in an experiment at the central sta.tion no 
sign of deterioration could be found. It must be ty^nted 
out, however, that the seed was to all practical f ^ 
as pure as the seed of the ei^rimental station i^of 
' im^r result was obtained in Coimbatore with rOjQ ^ 
Co. 2 (|^||W|^tiain (Bamanathan, 1937). k Dr. Shaw 
tions jk^^R where one of the Pusa strains of wheat haa4.|^Q^^ 
^declarlii|B||ave deteriorated, but he found the seed obtaine^ 
from the ii| i ili ty to have been badly mixe d up with other types^ 
Fairfield l^th (1938) has mentioned a case in America whert^ 
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come of the wheat strains ftom Turkey Bed Wheat which were 
very much better than the control to begin with ultimately 
came down to the level of the control after some years. While 
deterioration due to the strain getting mixed up with other 
inferior strains in the course of cultivation by growers is beyond 
the scope of the breeder’s work,/ deterioration due to genetical 
causes comes within the breeder’s purview. In the case of 
cotton when once a strain has been released for distribution, the 
only thing we know is that the genetic variance has been reduced 
to such an extent as not to be detected by ordinary methods of 
plant breeding, but there can still be sufficient genetic variability 
left in the material which can exhibit itself in course of time. 
Though experimental proof is not available, it is possible that 
in quantitative characters controlled by a very large number of 
genes, there may be small mutation s (East, 1936) and such 
mutations can result in deterioBUtionT’ If the residual genetical 
vjwriability left in the strain is such that the strain consists of 
genotypes some slightly better than others, deterioration can 
result by the gradual increase of the poorer ones. By the 
adoption of a small replicated progeny row test at the breeding 
station every year, we can we^ out poorer genotypes from the 
material. Such deterioration due to genetic causes is known to 
exist even in self-fertilized cereals where the strains are from 
hybrids. Such strains are known to throw 'o ff^ ypes’ after 
some generations (Engledow, 1933) and the gradual deterioration 
in this case might be attributed to a residuum of impurity and 
the decreasing percentage of heterozygosity from generation to 
generation. In progenies of wide -tjrosses such ‘off-types’ 
might occur due to cytological causes, losses in chromosome 
segments or even whole chromosomes (Love, 1939). It follows 
therefore that a well-organized scheme of seed multiplication and 
distribution must be continuously kept up. A nucleus must 
always be maintained at the breeding station to form the 
primary source for multiplication. The Cotton Committee have 
recognized this principle and aje actually financing schemes for 
maintaining nucleus of cotton strains evolved at the breeding 
stations. 


VII. Organization of Genetical Research. 

In the preceding pages a brief outline of the plant breeding 
and genetical work in India has been given 6md indications 
made in what ckspects the advances in genetical science can 
influence plant breeding practices. Plant breeding as has 
been pointed out already has a definite utilitarian end in view^^ 
namely, that the cultivator must get somethix^S more than what 
he gets now by growing the new variety put out by the planlji 
breeder. This is, in fact, the touchstone for the ultimate success 
or failure of any plant breeding programme. The attempt 
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^ lireeder to find something better than tfie earistii^ one 
iS| from its Te^ nature, a never-ending scheme and hence the 
research has to go on oontinuooaly. Unlike other aspects of 
agricnltiiral research, plant breeding work is oaj|abl6 of giving 
returns, several times that of what is actually ^ht on it and 
there is also the additional advantage of the results of plant 
breeding research being taken up readily by the cultivator as 
it involves ho addition^ expenditure on his part. 

Though the advances in genetioal science have come mainly' 
from tile work in organisms of no economical value like 
DroaophUa^ Oenothera^ Datura^ etc., so faf as India is concerned, 
the little genetioal work that has been done is all related to 
agricultural crops. A great deed of genetioal work even in these 
crops yet remains to be done. 'While part of it may be of 
prs^ioal value, it may include also other aspects which would 
simply add to our knowledge of these crop plants. The latter 
might be called basic research in genetics, and there must be 
some organization to carry on this work. The crop botanists of 
the provincial departments of agriculture have always got the 
pressing problem of producing improved types by ordinary 
breeding to replace existing types of crops and all of them cannot 
undertake problems of basic research either for want of time or 
want of facilities. Autonomous bodies created for individual 
erOps like the Indian Central Cotton Committee for cotton have 
recognized the importance of such basic research. This body 
is dancing a genetics research scheme in cotton. This basic 
research carried on at Indore is concerned mainly with one 
aspect, namely, research that has a direct bearing on plant 
breeding technique. The Jute Committee which has recently 
come into existence is expected to do for jute what the Cotton 
Committee is doing for cotton. The imperial department of 
agriculture formerly at Pusa and now in Delhi is doing a con- 
siderable amount of plant breeding work of practic^ value 
and also a certain amount of basic research on genetics of crops. 
The Imperial Coimoil of Agricultural Research is the other body 
created as a result of the recommendations of the Royal 
Commission on agriculture that can arrange to see that 
such basic research in crops is carried on. The fibtiances 
available with this body have been rather limited previously, 
but due to the parsing of the Agricultural Produce Cera 
Bill recently, there is likely to te considerable improve- 
ment in the near future. This body has spent during the 
last 10 years (1929-30 to 1938-39) a sum of about 26 lakhs 
of rupees on crops generally, including all aspects of research 
besides another sum of about 16*5 lakhs on sugarcane alone. 

amount, nearly 50 per cent, has b^n devoted to 
fiitfplfeg schemes of rice research in provinces. This amount 
spent uy the Imperial Coimcil of Agricultural Research on crop 
raseardx is in addition to what the provinces and States are 
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^pending from their own budgets. It will still be worth mention* 
i^ that what is spent on this research in India, considering the 
size of the country, variety of crops and problems, will not 
compare favourably with what is spent on HiTnjlfl.r work in. 
countries like Japan and Egypt. Towards plant breeding and 
genetical research, the former spends about 28 lakha of rupees 
and the latter 5 lakhs of rupees annually. Looking into 
the nature of the schemes finano^ by the Imperial Council of 
Agricultural Research with regard to crops, with the exception 
of a few which can be term^ basic research, the majority of 
them are of a routine nature, ordinary plant breeding schemes. 
Some of them are schemes either on new crops, for example, 
fruits, where no systematic work had been done previously or 
on crops which certain provincial departments of agriculture had 
not done any work on previously in spite of their importanco 
to them. With regard to rice, a certain amount of basic research 
has been done under the schemes, but the bulk of them have 
dealt only with problems of locid interest, namely, evolving 
improved strains out of local varieties in the provinces. Even the 
programmes of basic research, I am referring only to genetics here,, 
have not generally been on any preconceived and co-ordinated 
plan. There is no doubt that with greater co-ordination, more 
veduable results might be achieved. One example of what 
a good co-ordinated scheme of basic research can be, might 
be mentioned from America. Maize (corn) is the most important 
cereal of the country, perhaps not more important than rico 
to India, and every University or State Agricultural CoUego 
is doing some work on the crop, fh 1928, Corn geneticists 
initiated a systematic study in which each of the 10 chromosomes 
of Com was assigned to workers in different institutions. This 
co-ordination of effort has eliminated much duplication and 
has speeded up the research programme to a remarkable extent* 
The inheritance of over 350 genes has been studied and their 
position in individual chromosomes has been determined. 

Due to the initiative of the Imperial Council of Agricultural 
Research, methods of describing crop plants from the genetical 
point of view have been standardized with regard to the two 
crops, cotton and rice (Hutchinson and Bam^, 19386), and 
sim^r work is in progress with regard to other crops also* 
When the available material has been actually described according 
to the methods prescribed, it should go a long way in helping 
the breeder to understand the material available with his 
colleagues in other parts of India. 

When the problem of plant breeding work in India was 
discussed before the Crops and Soils Wing of the Board of 
Agriculture in December, 1937, it was considered that plant 
br^ing research may have to be carried on at several centres 
particularly in crops with limited adaptibility, examples rice 
and cotton, but that basic reaearofa ahonld be confined to one or 
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two sdeotod e«iDtro» only. Xovolyod with the queetioa of basio 
xeseagroh is the question of ofop introduction. The question of 
the formation of the Bureau of Plant Introduction under the 
auspices of the Imperial Council of Agrioultvual Besearoh had 
atmuly been discussed at two meetings of Ihe Board of 
Agricidiure, 1935 and 1937, and the principle has been accepted, 
l^ow that the finances of the Imperial Council of Agricultural 
Besearoh are likely to be augment^, the questhm of the starting 
of an organisation on the model of the Bureau £^nt Industry 
in Unit^ States of America might be eonsid^d. This bureau 
in America which works with headquaHers at Washington has 
got on its staff a large numbed of em^nt men on the different 
branches of crop research, and such men not only co-ordinate 
the various items of research in the different States, but also 
place at the disposal of workers or bring to the notice of workers 
of achievements in their branches recorded elsewhere.' The 
Bureau is also in chaigC of the introduction of crops and plants 
into the country and arrange for their tests in suitable centres 
in co-operation with individual States. The Bureau also under- 
takes, whenever necesttary, to send individuals and expeditions to 
various parts of the world to collect material of value for breeding 
purposes. Will it be too much to expect that a beginning on 
this model will be made in India ? 

While the advances in the science of genetics have been 
dealt with ohfefly with reference to crops, the principles are 
of equal a|^lication to animals as well. The principles of 
genetics have hardly been utilized in the breeding of stock in 
India and I do not know whether genetics is ever taught to the 
students of the Veterinary Colleges. There is stiff another 
aspect of genetical science as applied to human race. The 
science of biometry in its application to genetics has been 
res^lisible for all our present-day knowledge on human in- 
heritance (Eugenics). I am not sure that sufficient attention 
# paid to the teaching of eugenics to the students in any of our 
^veral medical colleges in India. A rough idea of the develop- 
ment of genetical science along diverse lines can be had from the 
papers that were contributed to the Seventh International 
Congress of Genetics held in Edinburgh in 1939. There were 
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Gene and Chromosome theory imd Cytology . . 61 

Physiological genetics , . . . . . 46 

Animal breeding in the light qf genetics . . 53 

Plant breeding in the light cl genetics . . 46 
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Genetics in relation to Bv^tion and Systematics. . 62 

Statistical genetics » . . . . . 17 

Genetical aspects of grq#fch — ^normal and abnormal 27 
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VIU. GbKBTICAL WoBK and UNiVBBSmBS. 

Before I conclude I should like to say a few words about 
our Universities. There are seventeen Universities in India, 
almost aU of them having affiliated colleges teaching up to 
Honours degree in biology but not one can still boast of a chair 
in genetics. The Honours students in Botany do, I believe, 
receive a few lectures on principles of Mendelism, but whether 
they get anything beyond that is very doubtful. Eecent 
advances in genetics have had a profound effect on our knowledge 
of taxonomy and e^j;dDg^> but stiU it is doubtful if students are 
made to get a grasp of such principles in their taxonomic studies, 
which, so far as I know, stUl form a big portion of the botany 
syllabuses in the colleges. It is a point worth considering 
whether the taxonomic^ syllabus should not be cut down a 
little and the same substituted by genetical studies on agricultural 
crops.' Even in connection with the taxonomical studies in 
the Universities, botanical excursions to key regions of agricul- 
tural crops and plants in co-operation with the crop botanists 
could be usefully undertaken. There is a wide field for this 
work in India particularly with our important crops, rice, 
sugarcane, fruit trees, etc. 

There is one branch of botanical research in which several 
Universities have got competent Professors to undertake and 
guide research. I am referring to cytological research. From 
what has been said in the earlier portions of this address, it will be 
evident that most of the latest advances in genetics have come 
from cytological research. Still most of the cytological work 
done in India refers either to the erhbryosac development in 
some unimportant plant or determination of chromosome 
numbers. The plant breeders in the course of their work 
come across various problems necessitating intensive cyto- 
logical studies which can easily be undertaken in the Uni- 
versities. In some oases where crop botanists are making funda- 
mental studies on their crop, they have their own cytological 
sections, but still I feel that this ia a branch of botanical research 
in which the agricultural departments and the Universities 
can well co-operate in the interest of maximum output in the 
country. In recent times there have been a large number of 
brilliant young men who have gone abroad for intensive cyto- 
logical studies and returned to India. Surely it should be 
possible to make use of these men in this work. Even in other 
branches of botanical research, physiological genetics, for 
example, such a co-operation between crop botanists and 
Universities should prove extremely beneficial. I am mention- 
ing the above points not with an idea of oriticidng thd 
botanical work in the Universiti^, but to draV attention to the 
necessity for a change in the outlook. I am sure the difficulties, 
if there should be any, against such co-operative work, could 
be got over by personal contacts of individuals interested in 
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Qommoa iffoUeBU. The liaperiel Cknmdl of Agrionltaxal 
Eeeeandi, 'wfaen it vm first formed, did hsTe aa one ito oldeots, 
Iniiigiiiig ahoot » jpceater oo-ordinatioB between agtioiinaial 
depmtmepte and urn'mcdtiee and it bM anooeeded to some 
extent in the attempt. Two inetanoee of anoh enooeasfnl oo> 
ordination may be mentioned in tbk oonneotion, namdy, tiie 
mat wo^ in wbeat. and the genwal atatistioal work aa applied 
to agrioaltnral'experimenta. Let ua only hope.that anoh hei^y 
ocmtaots between workers in the agrio^nm departments and 
the Uidversities will be brought into offiMt in mi eTW>inoteasing 
measure, resulting in a greatw output of baaio researoh in the 
country. 
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SECTION OF PHYSIOLOGY 

President B. B. Bikshit, Ph.D., M.R.C.P., M.B.B.S., D.P.H. 

Presidential Address 

(Delivered on Jan, 4, 1941) 

SOME OBSERVATIONS ON SLEEP 

I must first thank the Indian Science Congress Association 
for inviting me to be the Preddent of the Physiology Section 
this year. It is usual on occasions like this, especially for one 
whose ofilcial designation is a 'Pharmacologic’, to say that the 
invitation was accepted with a good deal of diffidence and hesi- 
tation. I had no such hesitation in accepting this honour 
because I do not think there is any difference between a pharma- 
cologist and a physiologist. Sir Henry Dale, Prof. Otto Loewi, 
Prof. C. F. He3rmans are often designated as pharmacologists 
and yet they won the Nobel Prize for work in experimental 
physiology. Profs. A. J. Clark, J. H. Burn, J. H. Gaddum 
and E. B. Vemey are some of Great Britain’s distinguished 
physiologists thojigh cJl of them occupy Chairs in Pharmacology. 
Here in India one of my distinguished*' predecessors, Col. R. N. 
Chopra, has also been officially designated as a pharmacologist 
and yet he has contributed more to experimental physiology in 
this country than any other single individual. 

I did, however, hesitate to accept the honour because my 
own contribution to experimental physiology is limited. More- 
over, I have chosen for this address a subject which has its 
basis on this limited experimental work. I was encouraged to 
do so by the remarks of our distinguished President of last year, 
Prof. Birbal Sahni. In the very beginning of his presidential 
address Prof. Sahni says : ‘ When a man of science accepts the 
position of honour in which I find myself this evening it is usually 
understood that he undertakes, among other things, to engage 
a large public audience, having the most varied pursuits in life, 
on some topic of general scientific interest. At the same time 
he is expected to have at least something to say that he can claim 
as his own and, what is more, to say it in plain language.^ I 
hope that what I am going to say to-day will interest a sufficient^ 
number of young physiologist^ who have assembled here to 
induce them to pursue these investigations further. 

The subject of this address is 'Some Observations on Sleep’. 
In spite of the immense strides that experimental physiology 
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hm made durmg reoeat ^earB, it must be admitted that tbe 
problem of sleep remaius to this day unsolved. The phenomenon 
of sleep has, howeveri beeninv^igated by a very large number 
of workers from various points of view. Observations on the 
physiology of sleep have been numerous. Almost every organ 
of the b^y has been studied and its relative behaviour in sleep 
and waking state compared. 1 do not propose to discuss here 
the various aspects of sleep that have b^n studied, important 
though they are, because suob an attempt will require several 
hours. Most of the literature on sleep is in German, some in 
French, comparatively little in English. A complete review of 
the literature before 1913 is givei^by Heron in his work * Problem 
du Sommeil’ and most of the literature in the next fifteen years 
has been admirably summarized by Kleitman in his monograph 
on ‘ Sleep ’ published in the Physiological Reviews. A very impor- 
tant contribution to the various aspects of the problem of sleep 
has been made by Viennese School of Scientists in their publi- 
cation ‘Der Sohlaf’ edited by Sarason. I shall, therefore, refer 
to the literature only on those points which concern us dkeotly 
in our discourse this morning. 

Physiological changes bubing sleep 

I shall begin by making a few observations on the physio- 
logical changes that occur during sleep. I propose to refer to 
only four points, viz., circulation, respiration, muscular move- 
ments and sweat secretion. 

(a) Circulation: 

A number of observations have been made on the heart rate 
and blood pressure during sleep and the generally accepted view 
seems to be that the rate of the heart and the level of blood 
pressure are lowered during sleep. Brooks and Carrol (1912) 
for example observed 127 patients and found that in most of 
them there was a fall in blood pressure attaining the lowest level 
1 or 2 hours after the onset of sleep. It is interesting to note 
that their patients who were ‘resting^ but not ‘sleeping’ did not 
show the same degree of fall. Similar results were obtained by 
Mueller (1921), Mao william (1923), Shepard (1914), Landis 
(1926), and others. A reduction in ^e rate of the heart has also 
been observed by several workers. Klewitz (1913) found a 
reduction of 14*8 beats per minute in the rate of the heart during 
sleep while Kanner (1926) found it to be 13‘2. Lowering of the 
pufe rate has been observed by Wiet Workers also (Weiohmann 
and Bamiberger, 1924; Mao William, 1923; Boas and Weiss, 
1929). It must^}>e stated, however, that such reduction in heart 
rate and level ot blood pressure cannot be found if sleep is 
disturbed as for example by dreiMlis. 

Although ther^b a genersd agreement that the blood pres- 
sure falls there is lio evidence to show that this fall 
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oauses ideep by producing cerebral anaemia. Howell (1897) 
was one of the early supporters of the cerebral anaemia theory 
of sleep. Shepard (1914), however, made very carefully con- 
trolled observations on patients with trephine holes in the skull 
and came to the conclusion that there was a significant rise in 
the brain volume, indicating an increased blood supply to the 
brain. Kleitman (1928) made direct observations on puppies 
and failed to observe any evidence of cerebral anaemia. Mac 
William (1923) expressed doubts about the validity of the cerebral 
anaemia theory, and thought that the slight lowering of blood 
pressure will be more than compensated for by the change of 
position from the erect to the horizontal. Recently Gibbs, 
Gibbs and Lennox (1936) obtained direct records of cerebral 
blood flow during sleep in man by means of a thermo-electric 
blood flow recorder and concluded that the onset and termination 
of sleep did not affect the blood flow through the brain. There- 
fore, as Ijandis (1926) observed the fall in blood pressure is rather 
a resultant of, than causative of, sleep. 

(5) Bespiration: 

Many observations have been made on the rate and rhythm 
of respiration and most of the observers agree that respiration 
is depressed during sleep, Pieron as early as 1913 observed the 
depression of respiration during sleep. Bass and Herr (1922) 
found an increase in the CO 2 tension of the alveolar air during 
sleep, and Hess (1932) thought that the changes in the CO 2 
concentration of, blood found during sleep would substantially 
activate the respiratory mechanism in^Wakefulness, showing an 
active depression of the respitatory mechanism. Wright (1931) 
observed that the respiratory mechanism was definitely depressed 
during sleep and breathing became inadequate to the needs of 
the body. 

Certain changes have been observed in the type of respiration 
when a person falls asleep. Cheyne-Stokes breathing was 
observed by Broadbent (1877). Mosso (1878) thought that the 
breathing Itecame more thoracic and less abdominal. Shepard 
(1914) supported Mosso’s observation while Reed and Kleitman 
(1926) failed to find any such change. Some of the changes in 
the type of respiration could be accounted for by changes in 
position from the erect to the horizontal, but changes in the 
chemistry of blood evoking no response from the respiratory 
mechanism is undoubtedly due to the depression of respiratory 
centres. Kunze (1928) reported an increase of 10% in blood 
acidity and this increase will certainly stimulate respiration 
unless the centres are actively depressed. 

(e) Muscular Activity : 

One of the important conoomitants of sleep is a complete 
musoular relaxation and lessening of the voluntary muscular 
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vaammerttB. Unmnlw movementci dtuing tde^ bftve been 
etodied a good dmji by some simide medbaoioal devioe «^]kd 
to tbe bed cl a sabjeot or a cage of an animal and a reoori of 
moyementB|p»|diioally registered. Szymandd (1918, 1920, 1922) 
obtained a number of suoh 'aotograms’ and by recording the 
activity of diffwent animals di^ed them into two classes 
‘polyphasic* and ‘monophasio’. According to Szymanski the 
]^yplianc animals have a number of alternating periods of 
rest and activity during .24 hours. White rats, for example, ' 
have ten. They rest for a couple of hours, then wake up and are 
active and a^in fall asleep. Babbits have about sixteen periods 
of rest and activity during' 24 hours. Birds are generally 
monojdiaBio, active during the day and resting by night. Adult 
hwnan beings are monophasio but a new-born baby is, like a 
rabbit, typically polyphuic. It is generally known that the 
muscles are rdatively toneless during sleep, the tendon reflexes 
are diminished and the plantar reflex may be extensor. 

(d) Sweat Secretion : 

Beferenoes in the literature about the secretion of sweat 
during sleep are not many. Potzl (1929) mentions that sweat 
secretion is increased during sleep and quotes Czerny when he 
says that ‘the sweat drops in a sleeping child can be easily 
seen’. A more detailed study of secretion of sweat in children 
was recently made by Day (1939). He studied insensible per- 
fixation by the method of weighing hospital children at fieqnent 
intervals a^ found that insensible perspiration was considerably 
increased and with room temperature about 29‘’C. visible 
perspiration was nearly always x^^csent at the onset of sleep. 
Day’s studies show a close relation between the onset of per- 
spiration and commencement of sleep. 

In this country with the usual warm atmos^fliere it is a 
frequent experience to see sweating especially immediately 
after the onset of sleep. Beads of perspiration are seen over the 
forehead and neck and many times the whole body is covered 
with palpable if not visible perspiration. This phenomenon is 
more commonly observed in children but is jnesent in adults also. 
It is important to note that the sweating is not due to mere rest 
alone, for the differel|«e in sweat secretion between a resting 
and a sleeping individu4 Ib quite obvious. 

To summarize them&re it is generally accepted that daring 
sleep the heart beats slower, the blood pressure is lowered sli^tly, 
the respirations are depres^, muscular movements diminish^ 
and the sweat secretion increased, especially immediately after 
the onset of sleep. 

SlBISF a PHBSrOMBNOK^ 

1 a little at this point from our main topic 

and the sympathetic and parasympathetic 
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^ompmantB of the autonomic nervous system. It is now 
g^MMlly recognized that these two components are concent 
in the regulation of the physiological function of different organs 
of the body, and the part they play is usually antagonistic to 
each other. It has further been recognized that the sympathetic 
system is a ^positive regulator of preparedness and activity’ 
while the parasympathetic system ‘preserves and economizes 
energy, protects against strain and restores activity’ (Hess, 
1932). We are more concerned about the parasympathetic in 
this discusinon and therefore I shall say a few wo^ about it to 
show how it is always working to economize energy and how 
its effects are brou^t about in the defence mechanism of the 
body. Thus a strong hght thrown against the eyes will bring 
about immediate contraction of the pupils to protect the eyes and 
this contraction is brought about by the 3rd nerve which is 
parasympathetic. An irritant gas entering the respiratory 
passages will evoke reflexes which will result m contraction of 
the bronchioles and this contraction of the bronchioles is again 
a parassnnpathetic action throu^ the vagus. If any undesir- 
able food or substance finds its way into the stomach, it will be 
immediately vomited out through the influence of the parasjmi- 
pathetic. If it goes further down into the intestines, the body 
defensive mechanism will try to get it out by producing diarrhoea 
and this process again is governed by the parasymx>athetic. 
An increase in the parasympathetic tone will cause the heart to 
beat slowly and thus prolong the rest period of the heart. ‘ The 
parasymx)athetio system is, therefore, always alert in protecting 
the b^y against strain and exerts itWinfiuence in giving rest to 
important organs of the body. 

The main symptoms of sleep such as slowing of the heart, 
fall in blood presstire and diminished muscular activity therefore 
prompted Prof. W. R. Hess of Zurich to emphasize that ‘sleep’ 
also is a parasympathetic phenomenon ‘comparable to the vagus 
control of the heart’. He pointed out that constriction of the 
pupils seen during sleep denotes an increase in the parasympathe- 
tic tone. Hess also drew attention to the work of Koch (1932) 
who found that an increase in the carotid sinus pressure of dogs 
just recovering from an anaesthetic led to an inhibitory state 
closely resembling sleep and the ^rasympathetic tone was simul- 
taneously increased. hHnther, Hess injected drugs like ergota- 
mine, which inhibit the sympathetic activity, into the 3rd ventricle 
of cats and succeeded in inducing typical deep. Several experi- 
mental observations have since been reported supporting Hess’s 
contention that the parasympathetic tone is increased during 
sleep. Samaan (1934) for example has shown that tBe 
bradycardia in dogs during sleep is due to ahgmentation of the 
vagid tone. Some clinical ob^vations also lend support to 
this view. The value of ephedrine, a s 3 unpathomimetic drug, 
in the treatment of narcolepsy is now well established and shows 
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the paraeympathetic oatuie of the attacks of sleep that occur 
in narcolepsy. Similaiiy, it is a well-recognised clinical ohserva^ 
tion that attacks' of asthma &eqaently begin during sleep and 
asthma is more likely to occur when the parasympathetic tone 
is increased. There is, therefore, considerable experimental and 
clinical evidence to support the view put forward by Hess that 
sleep is a parasympathetic phenomenon. 

If now we recall the most interesting work of Sir Henry Dale 
(1934) and his colleagues and a number of other workers showing 
the close relation between parasympathetic and acetylcholine, 
and if we admit that sleep is a parasympathetic phenomenon, 
we are at once confronted with the proposition ‘Is acetylcholine 
the sleep producing hormone ? ’ 

CHEMlOAli THEORY OF SLEEP 

Before I put forward before you the experimental evidence 
which suggests that acetylcholine may act as the ‘sleep hormone 
I shall make a few remarks about the ‘sleep centre ’ in the h 3 T) 0 - 
thalamus and the chemical theory of sleep. The existence of a 
‘sleep centre’ in the region of the 3rd ventricle of the brain was 
suggested by Mauthner as early as 1890. Economo (1928) 
concluded from his vast clinical and pathological experience of 
lethargic encephalitis that the ‘sleep centre ’ was situated in the 
region where the aqueduct of Sylvius opens into the 3rd ventricle. 
More recently Hess (1932) demonstrated that electrical stimula- 
tion of the diencephalon by specially constructed electrodes 
promptly produced sleep in cats. J^cognition of the ‘sleep 
centre’ in the hypothalamus divided physiologists into two 
schools, holding two different views on the theory of sleep. 
Those who supported the ‘cortical theory’ were led by Pavlov 
(1927) who considered sleep to be a phase of internal inhibition. 
Pavlov based his arguments from his experiments on conditioned 
reflexes. He found that an acoustic stimulus, like ringing of a 
bell, followed by food established a conditioned reflex in dogs. 
When this reflex was established, just ringing of the bell produced 
salivation and increase of other digestive secretions, because the 
dog expected food immediately afterwards. If after establish- 
ment of this conditioned reflex the bell is rung but no food 
presented, the dog often falls asleep. Before the dog falls asleep, 
however, the flow of digestive secretions is stopped due to 
inhibition of cerebral centres controlling these secretions. Ac- 
cording to Pavloir, this inhibition of localized centres in the 
cerebrum spreads over to the whole of the cortex and produces 
sleep. The other school who support the ‘subcortical’ theory 
recognize the existezmS iif^eleep centre in i^e hypothalamus and 
hold that the phenomSiCKm of sleep is governed by this centre. 
A thild Also arisen who try to subscribe both to the 

cori^Mi^^ theories. 
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I diall agftin refer to Pavlov's theory later. Apart from 
Pavlov’s theory the only other theory which has a good experi- 
mental background is the * chemical theory' of sleep fet advo- 
cated by Pieron (1913). Pieron foiuid that if the cerebrospinal 
fluid of dogs kept artificially awake for prolonged periods, is 
withdrawn and injected into the cerebral ventricles of normal 
dogs, such an injection produced as urgent a desire for sleep in 
normal dogs, as was manifested by dogs deprived of sleep. He 
therefore thought that the cerebrospinal fluid of dogs deprived 
of sleep contained a chemical substance having a hypnotic action 
and termed this substance ‘hypnotoxin*. Pieron's theory was 
recently supported by the careful w’ork of Schnedorf and Ivy 
(1939). Since Pieron’s publication of his results several sub- 
stances have been injected into the cerebrospinal fluid of experi- 
mental animals and as some of them produced a condition like 
sleep, claims made for them as ‘sleep hormones I shall briefly 
refer to some of them. 

Demole (1927) found a decrease in the blood calcium during 
sleep and thought that the calcium was taken up by the brain 
centres responsible for sleep. He therefore injected small 
quantities of calcium in the infundibular region of cats and 
succeeded in producing typical sleep. These observations were 
confirmed by Cloetta and Fischer (1930) and La Fora and Sang 
(1931). Bergren and Moberg (1929) found that mere insertion 
of needles in the infundibular region produced sleep in animals 
and previously GoUwitzer-Meir and Kroetz (1924) had failed 
to find any change in calcium concentration in blood during 
sleep. 

Zondek and Bier (1932) working on the compounds of 
bromine, foimd that these are diminished in the Pituitary and 
increased in the medulla in artificial sleep and therefore postu- 
lated that sleep was due to the pouring of ‘brome hormone' by 
the Pituitary gland. 

Marinesco and his associates (1929) pointed out that choline 
injected intracerebrally produced sleep preceded by agitation 
and increased muscular activity. 

Kroll (1933) found that extracts of the brain of sleeping 
animals, injected intracistemally in cats produced typical sleep. 
The original sleep was either produced by administration of 
drugs or was the result of hibernation. 

Lastly, I (Dikshit, 1936) injected very small quantities of 
acetylcholine (in gammas) into the cerebral ventricles of cats 
and succeeded in producing a condition closely resembling sleep. 
These results were confirmed in dogs by Schnedorf and Ivy 
(1939) and to a certain extent in man also by Henderson and 
WilsOTt (1937). 

It will thus be seen that quite a number of substances have 
been claimed to act as sleep producing * hormones ’ because their 
direct application to the brain centre or centres produces a. 
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ocxodition lesemblmg alaep. If a ohentioal substonoe is respon- 
siUe for natural slaep^ it should, beddes its action on the i^p 
centre, satisfy seve^ ot^er conditicHis. Thus it must normally 
be present in thc^ (Mmtral nervous system, it must ^ot be very 
stable and its action on the brain centres should be reversiMe. 
The posence of a special mechanism in the body to control the 
activity of this subs^ce will be an additional point in its favour. 
Moreover, the pharmacological action of this substance on the 
central nervous system must agree with the physiological changes 
that are known to occur during sleep. final proof must, 

however, rest with the actual demonstration of the fact that this 
substance accumulates around the sleep centre during sleep and 
disappears on waking. 

K we look at the so-called ^sleep hormones’ from these 
points of view we are at once faced with the fact that none of the 
substances I have mentioned above satisfies all the conditions. 
I, however, submit that acetylcholine has been shown to satisfy 
all of them except the last one. It has not yet been possible for 
me to put forward definite evidence to say that acetylcholine 
accumulates in the hypothalamus during sleep and di^ppears 
when the animal or subject awakes. I, however, feel that what 
I am going to say in the next few x>ages warrants the conclusion 
that acetylcholine deserves a careful consideration as a sleep 
producing ^ hormone ’. The role acetylcholine plays in mammalian 
physiology has been well recogni:^. We now know how it 
plays a very important part in the control of volimtary and 
several involuntary muscles and how it acts as a chemical mediator 
at the cholinergic nerve terminal. We have also got sufficient 
evidence to say that it is concerned in the synaptic transmission 
of the sympathetic ganglia. Is this ester equally concerned as 
the chemical mediator at the synapses of the central nervous 
system ? The question is yet to be answered, but evidence is 
gradually accumulating to show that it is (Chang et al., 1937). 
Prom this point of view alone the role acetylcholine plays in the 
regulation of the different functions of the central nervous system 
deserves a careful study. 

Is AOETirLOHOLINB A ‘ SLEEP PBODTTOQTO HOBMONE’? 

I have mentioned above the conditions that a substance 
should fulfil before it could be accepted as a sleep producing 
* hormone Let us examine how acetylcholine answers these 
conditions. 

I@) Action of acetylchoUne on sleep centre : 

In a ^liminary note read before the Physiological Society 
of Great Britain it was reported (Dikshit, 1936) that acetyl- 
ohdine injected in very sm^ quantities (less than ly) into the 
latep^ ventriole or into the hypothalamic region of cats produced 
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a coDdfekm closely resembling sleep. These experiments Tmre 
repeated further and the re^ts mentioned above confirmed. 
It was also found that the response in different animals varied 
considerably and it also varied in the same animal. The typical 
phenomenon of sleep was observed in some animals while in 
others only drowsiness was evident. In a certain ntunber of 
experiments drowsiness was preceded by excitation and this 
occurred more frequently with intraventricular than with 
hypothalamic injections. These experiments were repeated in 
dogs by Schnedorf and Ivy (1939). They found that dogs who 
received acetylcholine into the lateral ventricle passed into a 
condition closely resembling sleep, while those who received it 
into the cistema magna showed only a depression. Henderson 
and Wilson (1937) repeated these experiments in man. They 
injected large quantities (up to 7*6 mg.) of acetylcholine intra- 
ventricularly in eight patients. The procedure sli^tly differed 
in these cases, but the observations were very carefiSly made and 
systematically recorded. They found that out of the eight cases 
who received acetylcholine intraventricularly one passed into 
profoimd sleep immediately after the injection, two showed 
drowsiness but not deep sleep and the remaining five cases no 
sign of sleep at all. In all these cases, however, nausea, vomit- 
ing and intestinal peristalsis were constant effects and so was 
sweating. 

Injections of acetylcholine into the lateral ventricle will 
naturally affect all centres that line the ventricular system of the 
brain. A large number of centres will therefore be involved and 
the reactions will naturally be different-from those which one 
would expect by application of the ester to a localized centre in 
the brain. The possibility of action on one group of centres 
nullifying the action on some other group would also exist. 
Thus the visceral reactions produced by acetylcholine may 
seriously interfere with the results of its reaction on the sleep 
centre. Nevertheless, all the experiments quoted above go to 
show that acetylcholine can produce sleep by its action on the 
sleep centre. 

(ii) Does acetylcholine exist normally in the brain ? 

We are on a more firm experimental basis regarding the 
presence of acetylcholine in the brain. Since the observation 
of Schaffer and Moore (1896) that extracts of the brain produce 
a fall in blood pressure when injected intravenously, there has 
been a controversy about the nature of the depressor substance 
in the brain extracts. Some observers like Mott and Halli- 
burton (1899) thou^t it was choline while others like Vincent 
and Sheen (1903) chd not think it to be so. Vi%ile working m 
Edinburg, I attempted to see if acetylbholme was present in 
the brain or not and by employing some recent biological tests 
for acetylcholine was able to i^ow (Dikshit, 1933, 1934a) that 
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it undoubtedly does exist in the brain tissue. Quantitative 
estimations of different portions of the brain showed that the 
concentration of acetylcholine was highest in the basal ^ngUa. 
Hij^er concentrations of this ester in the basal ganglia than 
other parts of the brain axe significant when we take into consi- 
deration tl^ recent claims, made with increasing insistence, 
that these ganglia are the seat of a number of visceral activities. 
These observations were later confirmed by Kwiatowski (1035) 
and also by Barsoum (1935). Since then a number of workers 
have not only found acetylcholine in the brain, but have also 
shovm that shoes of brain tissue can actually form acetylcholine 
in vitro (Quastel et 1936^ Stedman and Stedman, 1937; 
Mahal and Dikshit, 1937 ; Dikshit, 1938). More recently. 
Chute, Feldberg and Smyth (1940) have shown acetylcholine 
formation by the brain in perfusion experiments. One can, 
therefore, say with certainty that not only is acetylcholine 
present in the brain but it is formed there continuously. 

(iii) l8 there a special mechanism in the body to control the action 

of acetyUholine f 

Dale as early as 1914 suggested the possibility of an esterase 
in the body which would destroy acetylcholine. Several workers 
since then (Engelhardt and L^wi, 1930; Matthes, 1930) have 
confirmed this observation. Dr. E. Stedman of Edinburgh 
and his associates (1932) later discovered an enz 3 nm.e in the blo^ 
which has the specific action of destroying esters of choline and 
they named this enzyme ‘choline-esterase \ A number of 
contributions by Stedman and his associates and also other 
workers (Qaddum, 1936) have since then established the role 
that choline-esterase plays in controlling the activity of acetyl- 
choline in the body. It is significant to note that Stedman 
and Stedman (1936) faded to find any choline-esterase in 
the cerebrospinal fiuid, but found it in large quantities in the 
brain tissue. Further, they made the important observation 
that the amount of this enzyme in the basal ganglia was about 
twice that present in the cortex. We have, therefore, un- 
assailable evidence io show that there exists in the body tissues 
a mechanism which controls the activity of acetylcholine and 
that this mechanism — ^the choline-esterase — ^is present in the 
brain and especially in that part of the brain where the sleep 
centre is situated. 

(iv) Does the pharmacological action of acetylcholine on the brain 

centres agree with the physiological changes seen dwring 

sleep t 

Earlier I have referred to only four changes that occur 
physiologically during sleep, changes concerning circulation, 
respiration, muscular movements and sweat secretion. Action 
of acetylcholine on brain centres is usulally studied by introduction 
2118 
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of the drug into the ventricular fluid of the brain. Such intro- 
duction produces action on several centres lining the ventricular 
system and therefore, as discussed above, information so obtained 
may be misleading. Moreover, such actions will depend upon 
the dosage employed and upon the concentration of choline- 
esterase present in the parts of the brain concerned with these 
actions. However, it may be stated that as far as the circulation, 
respiration, muscular movements and sweat secretions are 
concerned, tCe action of intraventricular acetylcholine agrees 
with the changes seen during sleep. I investigated the action 
of acetylcholine on circulation and respiration (Dikshit, 1934a) 
by injecting small quantities of the drug into the lateral ven- 
tricles of cats and found that respiration was definitely depressed 
and the blood pressure was very slightly lowered by such injec- 
tions. Depression of respiration and lowering of blood pressure 
in sleep have already b^n discussed. Further, 1 pointed out 
(Dikshit, 19346) that application of acetylcholine to the brain 
centres can produce an irregularity of the heart. It is true that 
every individual does not get an irregular action of the heart 
just before falling asleep, but in those who are susceptible to 
such irregularities, it is a common clinical experience that the 
irregularities are increased at the onset of sleep. 

As regards muscular movements, the marked diminution 
in movements of voluntary muscles by central application of 
acetylcholine can be demonstrated in animals who are just 
recovering firom a volatile anaesthetic. Under deep ether 
anaesthesia, a trephine hole is made in the skull of a cat to 
introduce acetylcholine into the ventricles. The muscular 
movements are registered graphically by placing two large 
balloons partially Sled with water on two sides of the animal 
and connecting both to a recording tambour. The anaesthetic 
is then lightened and as the animal comes into the first stage of 
anaesthesia it begins to struggle and these movements are 
registered on a moving kymograph. A small quantity of acetyl- 
choline (1 or 2y) is then introduced into the lateral ventricle 
through the trephine hole and the effect of the injection is seen 
immediately a^rwards. The struggling movements become 
less and less and sometimes they are completely abolished for a 
short time. In experiments described previously, introduction 
of acetylcholine into the cerebral ventricle of unanaesthetized 
cats led to a condition resembling sleep and thus was associated 
with lessened muscular tone and movements. Therefore, action 
of acetylcholine on voluntary muscular movements is similar 
to the action seen physiologic^y during sleep. 

Secretion of sweat is difficult to demonstrate in the experi- 
mental animals. Cats have a .few sweat gblnds on the foot 
pads, but it is difficult to demonstrate mccease in secretion of 
these glands. In their experiments on hospital patients, how- 
ever, Henderson and Wilson (1937) found sweating to be almost 
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uniformly aasodated witb mtraTentricalar aoetyldholine injectioii. 
According to ^se autjiori suiting accompanied naneea but 
was present in some cases to a degree wliicm was much more 
than conM be found in nausea alone and in others it was profuse. 
Sweating after sleeping is a common observation when environ* 
mental conditions are suitable for sweating. Such conditions 
are naturally present more often in the tropics than in colder 
climates. 

It will thus be seen that the pharmacological action of 
acetylcholine on the brain centres and the physiological changes 
seen during sleep agree at least on those points which I have 
just discussed. There is one important discrepancy, however, 
which was noted by Schnedorf and Ivy (1930) in their experi* 
ments on dogs. They observed that intraventricular injections 
of acetylcholine produced sleep in dogs but the rectal tern* 
perature was simidtaneously raised. Bi^ in temperature is not a 
phenomenon observed in natural sleep and therefore Schnedorf 
and Ivy (1939) were inclined to believe that the response to 
acetylcholine was not truly phjrsiologic. Henderson and 
Wilson (1937) on the other hand found a drop in body temper- 
ature after intraventricular acetylcholine injections, but they 
were working with human subjects who responded with perspira- 
tion to acetylcholine and perhaps this sweating helped to lower 
the temperature. Dogs cannot perspire and therefore Schnedorf 
and Ivy could not notice a fall in temperature. It is interesting 
to note in this connection, however, that Shiziraku (1925) kept 
dogs artificially awake for prolonged periods and when their 
desire for sleep was extreme a rise in their body temperature 
was noted. 

Temperature regulation is governed by a special centre in 
the hypothalamus and it is not possible to say whether the feill 
in temperature during natural sleep is due to the action of the 
^sleep hormone’ on this centre or due to vascular changes and 
diminished motor activity. 1 shall, however, again take the 
liberty to repeat what 1 have said heiore that intraventricular 
injections of acetylcholine produce a much more difiused action 
on the brain centres than local liberation of the ester in certain 
localized parts of 'the brain would do. 

(v) Is there OBtfBmulatum of acetylcholine in the sleep centre during 
sleep t 

We now come to the crucial test of this ‘ sleep hormone ’ 
theory, viz., demonstration of accumulation of acetylcholine in 
the sleep centre during sleep. I must state in the beginning 
that all my at^^ittgrts to get this proof have foiled so for. The 
problem is asimsiated with a number of technical difficulties. 
AoetyJMlif^^ fo rapidly destroyed by the enzyme, choline- 
1^ aay experimental procedure in a sleeping animal 
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disturbs it and leads to the waking state. 1 therefore decided 
to tackle this problem indirectly and shall de3crtt)e very briefly 
the nature of experimental pnx^ures 1 have adopted. 

(а) Bdation between choline-esterase in blood and acetylcholine 

concentration in the brain : 

In a paper read before the Indian Science Congress (Dikshit^ 
1937 ) 9 1 h^ mentioned that there is a direct relationship between 
the acetylcholine concentration in the brain and choline-estera^ 
content of the blood. These experiments were made on different 
species of animals and it was found that whenever there was a 
high concentration of acetylcholine in the brain, there was also 
a high concentration of the enzyme in the blood. This relation- 
ship was noticed by Dr. Sted^n, F.B.S., of Edinburgh some 
years previously. It was therefore thought that examination 
of the blood of a subject might give an idea about the acetyl- 
cholme concentration in his brain. We therefore examined 
the blood of several volunteers at noon and at midnight with a 
hope of finding a difference in the choline-esterase content of the 
two samples of blood but failed to find any such difference what- 
soever. Further, Dr. Mahal (1938) working in my laboratory 
in Bombay examined the blood of guinea-pigs which were kept 
artificially awake for several days and found no difference 
between the choline-esterase concentration of the blood of these 
animals taken before and after prolonged sleeplessness. 

(б) Appearance of acetylcholine into the cerebrospinal fluid of 

animals deprived of sleep : 

I kept cats artificially awake for several days and examined 
their cerebrospinal fluid to see if any acetylcholine could be 
detected in it. The cats were deprived of sleep by putting them 
in a slowly revolving cage. In such experiments the animals 
have to move all through 24 hours and the experiments are 
complicated by a third factor of muscular fisttigue. However, 
I faffed to see any appearance of acetylcholine in the cerebro- 
spinal fluid of these animals after prolonged wakefulness. 
Schnedorf and Ivy (1939) made more careful experiments with 
dogs and also JEaffed to find any acetylcholine in the cerebrospinal 
fluid of dogs deprived of sleep. The idea in these experiments 
was that if acetylcholine accumulates m large quantities around 
the sleep centre it may partly escape into the cerebrospinal 
fluid and its presence in this fluid could be detected by employing 
sensitive biological tests. Normal cerebrospinal fluid contains 
no acetylcholine and no enzyme. The enzyme which is present 
in the brain tissue however appears to destroy acetylcholine 
completely and not the slightest trace of the ester appears in the 
cerebrospinal fluid. 
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(c) Estimation of oMtifichoUne in the basal ganglia of animals 

deprived of sleep : 

These experiments were made on guinea-pigs and rats. 
The animals were kept awake by putting them in a revolving 
cage and therefore the feustor of &tigue was present in these 
experiments also. After five days of sleeplessness when the 
guinea-pigs were taken out of the cage they exhibited the most 
urgent deedre for sleep. Such animals were killed immediately 
after removing j&om the cage and the acetylcholine Content 
of the basal ganglia estimated and compared with that of normal 
animals. In the beginning I goi the impression that I was finding 
more acetylcholine in the b^l ganglia of sleepless animals as 
compared with normal ones, but the individual variations were 
found to be far too wide to arrive at any definite conclusion. 
Similar results were obtained with rats also. I feel that this 
procedure may give some information if a very large number of 
animals is used and the results studied statistically. 

(d) Effect of Physostigmine : 

The action of physostigmine, an alkaloid obtained from the 
calabar bean, in preventing the hydrolysis of acetylcholine by 
the specific enzyme is now well established. Hydrolysis of 
acetylcholine by the enzyme in the brain could therefore be 
prevented by administration of this drug and if this drug could 
be administered in sufficient quantities to neutralize the enzyme 
action, sufficient accumulation of acetylcholine could occur in 
the brain to produce its central effects. Unfortunately, however, 
the drug is far too toxic to permit of its administration in 
adequate doses. Besides, the side actions of such administra- 
tion are far too powerful to enable the phenomenon of sleep 
to be studied. It is interesting to note, however, that the 
central depressant action of physostigmine has been recognized 
and Sollniann (1933) mentions that this depressant effect has 
been made use of clinically in diseases like epilepsy thou^ 
without much success. Mention must, however, be made of 
the experiments of Dost (1934) in this connection. To test 
Hess’s theory of sleep Dost injected a large number of drugs 
intramuscularly in cannaries, physostigmine being one of them ; 
and he found injections of physostigmine produced sleep in 
these birds. Further, one of my colleagues working in the Royal 
Infirmary of Edinburgh gave Motin, a compound prepared by 
Stedman which has identical action as that of physostigmine, 
to a patient and foui^d that idCter the preliminary visceral effects 
had passed off the patient lell into d^p sleep. Physicians and 
surgeons have, these days, many opportunities of using pro- 
stigmine j^yffiysostigmine in their clinical work and if olmrva- 
tions ar^^Mll with special reference to sleep, I think such 
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clinical daU will materially help to verify the theory of sleep 
1 have postulated. 

However, to come back to the effect of physostigmine in 
animals, I gave this drug hypodermically to cats, dogs, and 
monkeys. As explained above, the visceral effects of such 
injections were far too severe to allow the phenomenon of sleep 
to be observed properly, but after these effects wore off, a 
definite drowsiness was ot^rved in some of these animals. 

Discussion 

The remarkable experimental work of Pavlov (1927) on 
conditioned reflexes has shown that sleep is due to spread of 
internal inhibition. I have already referred to Pavlov’s work 
and explained that Pavlov holds the cortex entirely responsible 
for sleep. Goltz (1892) on the other hand has shown that 
decorticated dogs can sleep and this observation was confirmed « 
by others (Rothman, 19^; Rademaker and Winkler, 1928). 
If dogs without cortex can sleep, Pavlov’s hypothesis cannot 
be entirely correct. Criticism has also been levelled against 
Pavlov’s experiments. Kleitman (1929) observed that in some 
experiments on activity of gastro-intestinal tract made in his 
laboratory he had to use stands similar to those used by Pavlov 
and he often noticed dogs sleeping, though no conditioned 
reflexes were involved. He also mentions a case in which a dog 
continued actively secreting saliva though asleep and inhibition 
of salivary seeietion follow^ and did not precede onset of sleep. 

If sleep is a conditioned reflex, it is not possible to under- 
stand how a new-born baby can sleep from the moment it hi 
born. The dimmal variation in sleep and activity of mono- 
phasic animals could be understood on the conditioned reflex 
theory, but not the sleep of polyphasic animals who have sixteen 
period of rest and activity during 24 hours. Another imx)ortant 
question is, does the sleep of lower forme of vertebrates, for 
example that of frogs or fish, depend on conditioned reflexes 
or is their sleep different altogether from the sleep of higher 
vertebrates ? 

It is, however, not possible to deny that conditioned reflexes 
play an important part in the diurnal periodicity of sleep, at 
any rate sleep of higher animals. We are accustomed to sleep 
under certain conditions and any trivial change in these condi- 
tions, such as an uncomfortable bed or a different bed room 
may be sufficient to prevent sleep. The diurnal periodicity of 
sleep in man is more a habit than a physiological necessity and^ 
is therefore, as Pavlov says, dependent on the x^rtex. 

Sleep as a physiological necessity is, however, a different 
proposition altogether. In a normal indivilual an uncomfortable 
bed causes sleeplessness for a night or two, but there will alwnyB 
be a limit to this sleeplessness. The necessity of sleep after 
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pirolonged iNrakefulneas is so urgent that a person ean sleep in 
most adverse oonditionB, Instances have been mentioned 
during the Great War when people riding or marching were 
actuaSiy sleejotig. Animals deprived of sl^p for long periods 
can sl^p in most unusual positions. In such instanoes eon- 
^tloned reflexes could play but little or no part ; sleep as a phy« 
Biological necessity therefore cannot be said to be under the 
influence of the cerebral cortex and the fonetionmust be relegated . 
to sub-cortical centres. I have already referred to the evi^nce 
whidi has accumulated in support of the existence of a sleep 
centre in the hypothalamic region. The experimental evidence 
I have put before you is bs^ed on recognition of this sleep 
centre. How is this sleep centre activated ? This is the ques- 
tion for which an answer is sou^t and I have presented to you 
some fiskcts which tend to show that acetylcholine could be 
considered as an agent which can lay some claims as a sleep 
{uoducing ‘ hormone ’ which activates the sleep centre. I frankly 
admit that the evidence I have presented is more indirect than 
direct. It has not been possible to demonstrate actual accumula- 
tion of acetylcholine in the sleep centre during sleep. Attempts 
to demonstrate it in the cerebrospinal fluid of animals deprived 
of sleep have failed in the hands of others as in my hands. My 
attempts to show its increased concentration in the basal ganglia 
after prolonged sleeplessness have given equivocal results. 
Indirect approach to the problem by estimation of blood choline- 
esterase have given no indication. 

On the other hand, the indirect evidence is not very meagre. 
The importance of acetylcholine in physiology coupled with 
Hess’s contention that sleep is a parasympathetic phenomenon 
and Dale’s contribution explaining the role acetylcholine plays 
in parasympathetic phenomena gives a clear ground to work 
upon. Existence of acetylcholine in the brain, its higher con- 
centration in the basal ganglia, and the presence of a special 
mechanism to regulate the activity of acetylcholine are im- 
portant data supporting the view. Agreement between acetyl- 
choline action on some brain centres and the effects of sleep on 
these centres also is in favour of acetylcholine being a * sleep 
hormone ’. 

I am fully aware of the fact that I have discussed the 
problem of sleep from a very restricted point of view* I have 
not made reference to many other approaches to the subject 
like the recent researches on the brain potentials during sleep. 
I have also refrained from discussing other theories of sleep, 
because such a discussion would have been outsi<te the scope of 
this address. There are many other points which will have to be 
investigated before the theory I have put before yoti is finally 
accept^. If acetylcholine is responsible for sleep, is there any 
other hormone which brings on awakening? Is the sleep of 
higher vertebrates and lower ones, like frogs and fish, mmilar ? 
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Wb»t is the lutute of the sleep of lower forms of life like earth- 
wrams! Do they sleep at aU? Do plants sleep? Is there 
any disturbance in the acetylcholine metabolism of the central 
nervous system in certain psychopathies or noental disorders? 
lliese and similar questions will naturally arise and it is my 
earnest hope that attempts will be made to answer them by 
further experimental and clinical research. 
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PSYCHOLOGY AND THE FUTURE OF MANKIND 

I 

The history of the civilized world presents a sad record 
of the repeated failures of human society to ensure the sanity and 
stability of mankind. Thousands of years have passed since 
man forsook his savage haunts and modes of living, and entered 
the domain of civilization with high hopes and expectations for 
a brighter destiny— only to find himself involved in far more 
serious perils. Not only does he find himself in greater perils 
to his physical safety from the antagonistic assaults of his 
fellow-cpcatures, but he is also constantly exposed to graver 
dangers to his sanity from the various factors inherent in the 
very nature of civilization. The perils to his physical safety 
have been tremendously increased by the use of scientific 
instruments of human destruction. Man’s control of the instru- 
ments for destroying his fellow-creatures has reached such a 
remarkable degree of perfection, that the very existence of the 
human species appears to be seriously jeopardized. The dangers 
to his sanity have become increasingly threatening with the 
irrational control which civilized society has come to exercise 
over his fundamental natural urges. I^is latter danger is so 
fatal to the health, sanity and efiiciency of the individual, that 
it appears that this civilization, in whose friendly support 
man had placed his implicit confidence, is likely to prove his 
most dangerous foe. His supposed safety and stability within 
civilized society is now being exposed as an illusion and the 
destiny of the human race is becoming increasingly dark and 
micertain. Even the belief that there has been a steady progress 
of reason during the history of the human race is now fast 
vanishiog. 

The usual arguments of the protagonist of modern civiliza-" 
tion concerning the manifold advantages oif^the scientific re- 
search of their times, as a rule, leaves out of account the fact 
that the scientific achievements of our age have gone beyond 
man’s ability rationally to control them. Consider, for instance, 
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how the modem devioeB for the interoommunioation of newe 
and thoug^it, which were expected to unite human fomily 
doser together in greater understanding and tolerance, have 
served to a^;gravate the traditional hostilitj and national 
arromnoe of men. And when we think of the ways in which 
the miits of the scientific labours of man have been used for the 
destruction of mankind, the conviction grows on us that these 
are by no means the ‘unqualified enrichment’ of human life 
that some people claim them to be. 

The imcertainty concerning the future of the human race 
which distresses the student of civilized society today is the 
logical result of the general discredit into which the redemptive 
efforts of many generations of civilized mankind have now follen. 
Each generation in turn takes up the task of redressing human 
society with high expectations — only to find humanity involved 
in a progressively worse plight. Every day brings to light 
evidence of the antagonism, hatred, competition, indifference 
and hostility which continually complicate social and inter- 
national relations. To take only one instance, consider the ever- 
recurring international conflicts in Europe in spite of continuous 
efforts to ensure a peaceful settlement. Within the last one 
hundred years European history records the Boer War, the 
Franco-Pmssian War, the War between Germany and Austria, 
the War between Prussia and Denmark, the Pmnco-Sardinian 
War against Austria, the Crimean War, the British Opium War, 
British actions in Africa, China, Palestine and elsewhere ; French 
actions in Africa and Mexico and a host of other such conflicts 
down to the present war. What strikes the student of human 
nature is not so much the actual event of war as the constancy 
with which it repeats itself in spite of all the conscious endeavours 
of mankind to ensure a rational and peaceful state. The last 
world war, for instance, exhausted the strength and national 
resources of aU the cotmtries involved; and yet the survivors 
so for from disarming started arming again feverishly. Thus 
after four years of ruthless slaughter, and after world-wide 
conferences to ensure a sane and peaceful htunan society, 
Europe remained ,^n armed camp — ^preparing for new wars 
and conquests. 

A study of the available records concerning the sanity of 
man in civilized society reveals appalling focts and figures. The 
number of the victims of psychogenic disorders is definitely 
on the increase. These disorders are ultimately due to man’s 
lack of emotional adjustment to the rigid demand of his cultural 
environments; they include neurasthenia, hysteria, anxiety- 
neuroses, phobias, obsessions and so forth. A large number of 
mild cases belonging to this classification still go unrecognized 
under the false ^gnosis of anaemia, insomnia, gastric catarrh, 
debility, etc., rendering the therapeutic endeavours of orthodox 
medical systems futile. During the brief space of three years 
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24,000 suicides or attempted suicides were entered in the Archives 
of the Board for the Prevention of Suicides in Budapest. Ac- 
cording to the report of one leading medical investigator, this 
city holds the world record for attempted suicides. Tlie records 
of the United States of America show 160,000 suicides annually. 
Many other similar records might be quoted to show the extent 
to which the neurotic illness infests civilized society today. 
The case-histories of psychological clinics in any civilized city 
could 3 deld additional evidence of the actual increase of neurotic 
disorders, domestic and marital disruptions and maladjustments. 

Nor do the records of antisocial behaviour relieve the dismal 
perspective. The subtle and ingenious forms in which crime 
is progressively thriving in our modem society and the heavy 
toll it lays on our economic resources provide further evidence 
which destroys the individuars belief in the ability of civilization 
to satisfy all the rational demands of its members. The various 
forms of delinquency are so manifestly a repudiation of social 
conventions and taboos that we are forced to conclude that 
civilization does not satisfy all the demands of human personahty, 
and in consequence a laige number of its members are provoked 
to fly in the face of its laws. 

We repeat that the great tragedy which attends the march 
of human afiairs does not consist so much in these events which 
blight the history of the human race, as in the vicious circle in 
which mankind appears to be inextricably involved, so that 
mental disorders, crimes, political unrest, wars and unhappiness 
dog its steps at every turn. 


II 

But the most pathetic aspect of the situation is the profound 
ignorance of the leading intellectuals concerning the real causes 
of the manifold disoiders with which manl^d is af9icted. 
Consequently, little or nothing has been done to alter this situa- 
tion. For, it must be adequately diagnosed before it can be 
remedied. 

This seems to be an extraordinary instance of gross ignorance 
in an ‘age of scientiflc enlightenment*. For, not only are we 
struck by the paucity of literatine offering an adequate explana- 
tion of the causes which have conspired to bring about this 
situation but we find that the alleged explanations of a majority 
of those who have attempted to study this particular subject 
leave us, in the end, confused and mystified. Most of these 
tend to confuse the various issues involved in the situation. 
Moreover, they almost invariably suffer from a fundamental 
error which consists either in entirely ignoring* the influence of 
the human factor in the aetiology of the panesent social disorders 
or conceding to it only a secondary and casual importance. 
In this way the root cause of the trouble is almost invariably 
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iniBoaloulated* ImlaYant factors are frequently exalted into 
all-sufficient causes; and grandiloquent attempts are made to 
ccmvince individuals that it is through the control of these 
causes that the final redress of human wrongs will be effected. 
Meanwhile little or nothing is done to explore the mental dy- 
namics of the homo sapiens in a scientifically objective manner 
in order to discover the underlying causes at work. Thus 
having omitted or miscalculated the importance of the human 
factor, such studies are inevitably superficial, even when they 
are not wholly irrelevant. 

Recent psychological enquiries into the individual and social 
behaviour of man are making it ihc^reasingly clear that apart 
from the scientifically objective study of the mental dynamics 
of the human behaviour it is not possible to understand ade- 
quately and remedy effectively the present trouble so as to 
ensure the sanity and stability of the human race. Without 
the help of psychopathologioal insight and technique, the 
situation will for ever remain an inextricable mystery and a 
constant menace to mankind. In the words of Samuel D. 
Schmalhausen : ^ Whatever field of life we touch, straightway 
we are in the presence of problems of maladjustment, '^^ether 
we go over the field of criminology, juvenile delinquency, marriage 
and divorce, business relations, the institutions of the home, 
the church, the state, the school, or study the intricate taboos 
and sacred sanctions of ethical codes or peer into the mob- 
intricacies of journalism, or specialize in the phenomena of 
crowd behaviour, jwrsistently and inseparably we are in the 
perturbing presence of problems that can only be approached 
intelligently from a psychiatric point of view. History, pene- 
tratiogly conceived, is a branch of psychoanalytic psychiatry.* ^ 

Ctf the several factors which have conspired to obscure the 
importance of the knowledge and application of the findings of 
psychological research in the scientific study of human affairs, 
we shall mention only a few here. In the first place, the extra- 
ordinary progress of the physical sciences has naturally led to 
the obscmdng of the value of psychological science and the relega- 
tion of the mental determinants of human behaviour into the 
background. Man’s discovery of physical laws and the utilization 
of the knowledge which enables him to deal with forces as they 
are manifested in the external world has outstripped his know- 
ledge of the dynamic determinants of his behaviour. He is 
obsessed with the thought that since the knowledge of the laws 
of his physical environment have given him control over the 
world, the same laws will ensure his control over his own destiny. 
Consequently, an explanation of behaviour in terms of ment^ 
dynamics is relatively neglected. This physical bias characterizes 
the mental outlook of a majority of our leading scientists. Some 
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of them even go to the length of regarding a psychological 
approach as wholly irrelevant to any seiioius^scientific endeavour 
at explaining and controlling the trend of human affairs. They 
even question the ri^t of psychology to the status of a science. 
Very often the presence of a psychologist at a congress of scientists 
is regarded by them as anomalous if not altogether unwelcome. 
It is the physical scientist who truly represents the cause of 
science. The psycholo^t is a scientist only by courtesy. It 
is but natural that this indifference to the science of human 
psychology should darken counsel and render a majority of the 
explanations of physical speculators only partial endeavours 
at best. 

In order to illustrate how indifference to psychological 
facts may distort one’s explanation of human behaviour, we 
may take an instance from the speculations of those who claim 
to explain human activity exclusively in terms of economic 
laws. They treat of wealth as entirely independent of the 
laws of human psychology. Of course there is now a growing 
tendency to make a passing reference to the psychological 
aspect of economic transactions in the opening chapter of the 
text-books on the subject. But the casual and superficial 
character of these references often makes one wonder whether 
this is not merely an attempt to impress the reading public 
with the idea that psychological aspects of the science, if any, 
have been taken account of. The fundamental economic prob- 
lems continue to be treated with the usual indifference to the 
laws of human psychology. The rise and fall of prices, the 
supply, demand and consumption of commodities are treated 
as ff they were governed by laws outside the field of human 
psychology. Imorant of, and indifferent to, the fundamental 
relation of the mws of human psychology to this field of human 
activity, economic speculators have repeatedly landed multitudes 
of credulous individuals in disastrous crises. But when we 
consider some of the solutions proposed by economic enthusiasts 
for the problems of social disorder, the superficial character of 
such explanations when unaided by the ^owledge of human 
psychology, becomes even more obvious. For example, it has 
been a current belief in Soviet Russia that the only way to 
eradicate the criminal tendencies of an individual is the liquida- 
tion of economic inequality. Equal economic opportunities, 
it is claimed, will in the end result in the gratification of human 
needs so that no one will desire to prey upon the economic re« 
sources of society by antisocial methods. We freely concede 
that removal of unequal opportunities for earning wealth does 
in certain cases prevent antisocial behaviour. Our main ob- 
jection to this claim, however, is that quite a hi^ proportion 
of adult delinquents do not begin their criminal career on 
experiencing economic strain. Kleptomania, for instance, may 
find expression in the behaviour of well-to-do individuds. 
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Pf^dboanalytio tosearoh has shown that very often a oonsdons 
eoonoinic want may be only a disguised and repressed mx>tio 
wish. In a &irly large number of cases wealth or money has 
hdm discovered to possess this erotic significance. Not until 
this aspect of the overt human activity is scientifically explored 
can one assert with any degree of scientific certitu^ whether 
or not a spedfic instance of individual conduct, which to all 
appearances is the product of economic conditions, is really 
ij^pendent of deeper psychological motives. Not until this 
has been duly taken into consideration can we expect to have a 
scientifically complete explanation of the specific behaviour in 
question. 'However great ohr faith in the environmental 
determinants of human behaviour, in the truly astonishing 
power of economic and social forces to shape and mis-shape our 
uves, we shall be missing an amazing amount of insist if we 
ignore or minimize the importance of the human nature fEkctors 
such as the psychoanalysts and the dynamic psychopathologists 
deal with .... There is a lurid chapter in the history of human 
conduct that has very little to do with specific economic deter- 
minants but has a great deal to do with certain distortions and 
perversions resident in human nature.’ ^ 

This brief discussion of the economic motive of human 
conduct will help us to tmderstand how indifference to the laws 
of human psychology can obscure the true nature of the causes 
which are responsible for the present social disorders ; and how 
ignorance of these causes renders the hope of their redress 
l^entably remote. 

It has often been alleged that the relative youth of the 
science of psychology is responsible for the indifference with 
which its findings are treated. But when we consider the 
amazing progress which this scienoe has achieved within the few 
decades of its career, we shall be obliged to look for a deeper 
reason. Its youthfulness would still leave the possibility of 
making use of the existing psychological knowledge open to a 
laige majority of thinkers in the field of the aooial sciences. 
But it is not only the general indif^rence of leading thinkers 
but often their po^tive hostility to the science of psychology 
whioh lequixea a acieiitiffe explanatiion. Barring those provo- 
cative examples of certain philosophizing psychcdogists and the 
sterile stunts of 'brass-instrument’ x’l^ychologizing enthusiasts, 
which may have brou^t discredit to this science, we shall find 
that this indifference and hostility to psychology can be traced, 
in the last analysis, to the great unwillingness of man to &ce 
himself. It appears that a large majority of the opponents of 
psychology are people who by the rigid restraints of modem 
culture are unable to encounter calmly the contents of their 
own meij||d make*up. Their indifference to this science is, to 
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a large extent, a defence mechanism against the possibility of 
the revelation of certain mental dynamics which are, so to 
speak, looked upon as contrabands within the social environ- 
ment of modem culture. This ostrioh-like attitude serves as 
a narcotic to lull them into a self-complacent slumber. What 
these mental contrabands really are we shall explain presently. 
Meanwhile it may help us to understand their provocative 
character if we remember that the history of modem culture 
records innumerable instances in which the flood of social 
disapproval and hostility has been directed against any objective 
study of human nature which may throw light on certain in- 
stinctual demands which have been tabooed by the conventions 
of civilization. With his extraordinary insight into this fact 
Sigmund Freud has clearly demonstrated how human beings 
can ill-afibrd to endure any shock to their narcissistic self- 
complacency and that contempt for any scientific technique 
which bids fair to ensure self-knowledge to the individual is 
very often used as the principal weapon of the resistance. This 
resistance incidently is a measure of the mental health of modem 
society. For a society which does not have the courage to 
examine its own motives must be basically sick. 

Ill 

Let us consider for a moment what may be the contents of 
this self-knowledge so that we may be able to \mderstand why 
civilized man should invariably build up such a strong resistance 
against it. But we must first disabuse our minds of the popular 
belief that the mental structure of the civilized individual is 
fundamentally difierent from that of his savage ancestors. This 
prejudice has largely obstructed an objective study of the deter- 
minants of human behaviour, and not imtil we discarded it shall 
we be in a position to observe the contents of the human mind in 
their true nature and setting. The vast and varied data now 
available in the field of psychoanalytic research clearly indicate 
that fundamentally the same mental dynamics which motivated 
the behaviour of his savage ancestors thousands of years ago, 
still, under the gloss of modem culture, continue to determine 
the conduct of modem civilized man. Whatever the cultural 
standards of his society, under the influence of a strong emotional 
experience or of a threat to his personal interest, man’s primitive 
impulses break through his cultural restraint. ‘ Any emotional 
stress, a sudden panic, a threat of calamity, a frilure in business 
or in marriage, a severe illness, the death of a loved one, and it is 
liable to stampede man into conduct prejudicial to himself 
and to his neighbours. It may even bring about his own de- 
struction.’ 1 Such observations clearly show that behind man’s 
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&oade of mtional oonduot there exists a primitive mental 
structure which regulates his individual and social life. 

By the primitive mental processes we. mean such motives 
to conduct as animistic beliefii^ totemistio taboos, and a thousand 
forms of hostilities, fears and irrationalities. A large number 
of these are subtly disguised in modem culture so as to elude 
recognition without the aid of a special psychological technique. 
Thanks to the mechanisms of repression and displacement they 
flourish undetected by the victim. The notion that modem' 
man has evolved beyond the mental stage of his savage ancestors 
keeps him in the dark with regard to their existence within his 
mental structure and thus less vigilant against their destmctive 
power. This is the chief danger of modem civilization. It 
harbours within itself mental mechanisms of extreme destructive 
potency and it is incapable of defending itself against them 
because it is unconscious of their very existence. And yet 
without recognizing their existence, one would be wholly at a 
loss to account for the * inhuman atrocities’, the hatreds, 
hostilities, and wars, the savage superstitions, the neurotic 
disorders and psychotic manifestations of the in^vidual which 
flourish unabated today even in the most * advanced ’ civilized 
societies. The dismal catalogue of * hallucinations, obsessions, 
delusions, paranoid trends, moods running the whole gamut of 
manic-depressive psychoses, psychoneurotic tensions and un- 
stabilities, organic and functional inferiorities, phobias, hysterical 
outbreaks, tendencies to melancholia, sexual perversions, nar- 
cissistio attitudes, egoistic indulgences, exhibitionism, insane 
ambitiousness, anxiety, compulsions, habit neurosis, automatism 
in behaviour’ is the logical result of the clash of primitive 
impulses with the conventions of civilization. This alone can 
account for the hostile character of the international relations 
today, which can clearly be traced to these savage mental 
processes which continue to operate under the civilized gloss 
of the present day culture. Theoretically international problems 
should call for rational remedies. But how rarely in the history 
of civilized society have people found it possible to wait long 
enough for a rational redress of wrongs. Under provocation, 
the inflammable savage impulses of our nature burst forth into 
terrible conflagration. Modern man has not been able to shake 
off the influence of the primitive processes which existed in the 
darkest phases of human development. 

The feilure of civilized society to put an end to warfare 
illustrates the impossibility of ensuring peaceful settlement so 
long as its members do not clearly realize the existence of the 
forces in thtoir personality which invariably bring about war. 
The main trouble with the efforts to put an end to the war is 
that they have been directed against wrong objectives. For 
instan^ they have been based upon the assumption that dis- 
armaoM^^ an opponent is the oidy effective method of putting 
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an end to war. The idea is not at all new, and is only a slight 
variant of an ancient maxim that ^ to despoil our neighbours 
deprives them of the means to injure us.’ Accordingly the 
repeated &ilures of peace organizations to stop war have been 
attributed to the incomplete disarmament of hostile nations 
rather than to the foilure of political leaders to inteUigently 
understand and rationally control the determinants of human 
behaviour whose operation invariably issues in war. The 
possession of destructive weapons is only a secondary considera- 
tion. Mental determinants are the primary causal feotors. 
So long as the basic motives of war are not psychologically 
diagnosed and controlled, mere legislation on the control of 
armaments cannot eradicate war. The control of armament 
will only limit the extent of destruction; it cannot eradicate 
aggression, hostility, fear, competition, megalomania w’hich 
invariably produce war. A clear and objective understand- 
ing of the significance of these urges is the first step towards 
preventing war. Without this essential step peace organiza- 
tions, international conferences and treaties and diploma^ 
negotiations are entirely powerless to stop war. 

But here again it is the misfortune of civilized man that 
he fondly hugs the illusion that he is beyond the influence of the 
motives which provoked his savage ancestor to warfare. Owing 
to the mechanism of repression, if he should by any chaiK*e 
attempt to look for the causes of human warfare within his 
own nature, the result would be negative. Consequently, he 
explains war in such a way as not to hurt his sense of self- 
complacency. He projects his own primitive motives upon 
his opponent whom he regards as a savage or a lunatic, and 
whom he deems it a moral obligation to resist. It is obvious 
how the conventions of civilized society invariably regulate the 
specific pattern of the behaviour of modern belligerents. It is 
not a pure accident that each of the combatants unconsciously 
realizes the need of rationalizing his motives for war by convincing 
himself, and very often others of his party, that he is fighting 
for a righteous cause and not for any form of self-interest. How 
often in the history of civilized society has man unconsciously 
or otherwise attempted to exonerate himself for indulging in 
savage human destruction by labeUing it a ‘ holy war ’. War in 
savage societies was not so subtly disguised. 

But though the motives of warfare were more or less clear 
to the savage, they were not any the loss dangerous. All wais, 
whether wag^ by civilized or primitive groups, threaten the 
stability of the human race and the peace of human society. 
But with the undisguised knowledge of the motives, the savage 
was in a better position to control the event of war, at least on 
theoretical grounds, when he so desired. But curiously enough, 
none of the civilized organizations which aim at the prevention 
of war have ever spent a single penny for a scientific investigation 
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aitd control of the mental conditions which produce war. Only 
when the nations are able to perceive these mental forces and 
recognize their real nature in a frank and fearless manner, will it 
be possible to prevent war throng the emotional re-education 
of its members. 

It may be contended that though true of certain individuals 
under strongly provocative circumstances and peculiar mental 
outlook, our statement of the operation of the savage processes 
in the life of the normal civiliz^ man is a gross exaggeration. 
But the objective study of the so-called normal individual of 
our age, does not offer any different perspective. Few of us 
spend more than a few hours during the entire day in a completely 
rational state of mind. And when the rigid demands of our 
social and professional life leave us to ourselves for a moment, 
we natiurally tend to relapse into modes of behaviour which 
xmder analytic examination are clearly primitive and irrational. 
Two lines of evidence may be advanced to confirm the truth 
of this statement : (a) the psychopathological study of the adult 
individual behaviour; (6) the genetic study of the mental life 
of the individual. Both of these lines of evidence converge on 
the truth of the statement that the mental processes of the 
modern man, in spite of the cultural demands of his society, are 
inherently and basically primitive. The infant, in the modern 
society, before the code of modern civilization influences his 
conscious behaviour, undisguisedly manifests the same hostilities, 
rivalries and irrational fears which And devious and disguised 
expressions in the behaviour of the adult within his cultural 
environment. The psychoanalytic study of the dreams of 
apparently normal individuals clearly brings out the savage 
character of their dominant wishes and desires. 

IV 

When we set out to inquire how it is that the savage elements 
of our nature remain generally unrecognized in our conscious 
mind, we are naturally led to the consideration of certain 
psychological devipes to which references has already been made. 
The mechanism of ^repression’ — ^a process through which an 
impulse which comes into conflict with a strong cultural demand 
is driven into the unconscious — is obviously at work here. This 
process is further aided by another unconscious mechanism 
called projection through which the individual unconsciously 
responds to the conflicting urge by an effort to deny its existence 
within himself and by attributing it to an external object. 
The latter, to some extent, accounts for the extraordinary 
conviction with which certain paranoics attribute guilty motives 
to their neighbours. This also to a very large extent explains 
the abnormal zeal of the religious fanatic or the hypercritical 
prude.’ more violent their cbndemnation of others, the 
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gtronger repadiation and fear of these impulses within 
their own lives. ‘The real motives of the reformer/ says 
Hendriok, ‘who consciously believes he is protecting others* 
morality and unconsciously enjoys a mass of obscene Uterature 
in the role of public censor are commoly recognized.* 

The intensity of repression depends upon the extent to 
which conventional ethics has been allowed to impose upon the 
human individual an ideal of conduct in total di^egard of the 
instinctual demands of his nature. Renunciation of instinctual 
urges is the fundamental requirement of conventional morality. 
In obedience to this man’s aggressive, vindictive, and erotic 
urges have in the course of civilized culture been blindly sub- 
jected to a progressive process of repression. ‘ Civilization,’ 
says Sigmund Freud, ‘ is the fruit of renunciation of instinctual 
satisfaction, and from each new comer in turn exacts the same 
renunciation.’ ^ He goes on to describe the various psychological 
moments of the process so clearly that we shall quote his own 
words : ‘ Civilized society, which exacts good conduct and does not 
trouble itself about the impulses underlying it, has thus won 
over to obedience a great many people who are not thereby 
following the dictates of their own natures. Encouraged by 
this success, society has suffered itself to be led into straining 
the moral standard to the highest possible point, and thus it 
has forced its members into a yet greater estrangement from 
their instinctual dispositions. They are consequently subjected 
to an unceasing suppression of instinct, the resulting strain 
of which betrays itself in the most remarkable phenomena of 
reaction and compensation formations. In the domain of 
sexuality, where such suppression is most diflScult to enforce, 
the result is seen in the reaction-phenomena of neurotic disorders. 
Elsewhere the pressure of civilization brings m its train no 
pathological results, but is shown in malformations of character; 
and in the perpetual readiness of the inhibited instincts to break 
through to gratification at any suitable opportunity. Anyone 
thus compelled to act continually in the sense of precepts which 
are not the expression of instinctual inclinations, is living, 
psychologically speaking, beyond his means, and might objec- 
tively be designated a hypocrite, whether this difference be 
clearly known to him or not. It is undeniable that our contem- 
porary civilization is extraordinarily favourable to the production 
of this form of hypocrisy. One might venture to say that it is 
based upon such hypocrisy, and that it would have to submit 
to far-reaching modifications if people were to understand to 
live in accordance with the psychological truth. Thus there 
are very many more hypocrites than truly civilized persons — 
indeed, it is a debatable point whether a certain degree of civilized 
hypocrisy be not indispensable for the maintenance of civiliza- 
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tion» because the cultural adaptability so far attained by those 
living today would perhaps not prove adequate to the task. 
On the other hand', the maintenance of civilization even on so 
questionable a basis offers the prospect of each new generation 
achieving a farther-reaching transmutation of instinct, and 
becoming the pioneer of a higher form of civilization.’ i 

Thanks to the endless d^ in man’s lo3^ty to the abstrac- 
tions of conventional ethics ever since the hour of his birth, 
he tends to exalt its dictates of conduct into immutable laws 
like those of the Medes and Persians. Instead of accepting his 
Imses in the field of conventional morality as the natural result 
of its artificial and preposteroiis demands, man has developed a 
sense of defeatism and morbid anxiety which have invariably 
interfered with his happiness, sanity and efficiency. Indeed, 
the code of conventional morality demands more sacrifice than 
it is worth. Its standard of conduct is neither directed by 
honesty nor instituted by wisdom. 

W^en we turn to the field of the religious behaviour of 
mankind, we observe an equally disappointing situation. In 
spite of the highly organized institutions which have been erected 
to bolster the preposterous demands and claims of the various 
pseudo-religious systems, one cannot help noticing the subtle 
and seductive operation of certain primitive emotional forces 
in this type of behaviour which have proved refractory to man’s 
rational control. Dispassionate studies of this field of human 
behaviour have served to expose the various totemistic beliefs 
and taboos, magical incantations and obsessional ritualistic 
observances which persist in it in an endless series of modem 
versions and which have to a large extent thrown man’s intelli- 
gence out of function. Perhaps in no other field of human 
behaviour have morbid fear, infantile egocentricity, credulity, 
intolerance, illogicalities and intellectual dishonesty found such 
frequent and free expressions. ‘ Where questions of religion are 
concerned,’ observes Freud, ‘ people are guilty of every possible 
kind of insincerity and intellectual misdemeanour.’ ^ Psycho- 
analytic research has brought to light the neurotic character 
of the morbid religimis attitude of man. It has shown that the 
pseudo-religious behaviour of man is the continuation of the 
obsessional neuroses of childhood and of the emotional irration- 
alities of his savage ancestors. A further line of evidence shows 
that certain modes of morbid religious behaviour are only 
disguised or symbolic ways through which certain individuals 
unconsciously gratify their suppressed wishes. Take the case 
of a sadistic individual who derives perverted pleasure from 
infiicting pain on others. There being few other avenues for 
the gratification of such pathological imptdses without the 
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risk of social disapproval, such people often find a congenial 
atmosphere in the field of religious expression. The tension of 
their sadistic impulses $nAa relief in moral and religious de- 
nunciations, pious vituperations and scathing criticism of their 
neighbours. Since modem society hardly tolerates a cannibalis- 
tic form of human torture, at least under conditions of peace, one’s 
sadistic impulses are as a rule restricted to such verbal assaults. 
Sadistic impulses often flourish under the guise of fanatic zeal, 
likewise masochistic impulses very often &d expression in the 
self-humiliating, self-torturing, ascetic ceremonials of pseudo- 
religious behaviour. Thanks to the social approval which at- 
tends the display of such behaviour, a large number of patho- 
logical manifestations in the field of religious behaviour remain 
unexposed. Another neurotic aspect of morbid religious be- 
haviour is the other-worldly attitude of its devotees. This 
attitude will be found to be due, in a large number of n cases, 
to the seductive influence of wishful thinking — ^the desire to 
escape from the stern realities of life. Such an individual, 
instead of redressing the wrongs of his society as he finds them 
here and now, clings fondly to certain illusory hopes which he 
expects to realize in the next world. This attitude of other- 
worldliness is not unlike certain forms of delusional insanity in 
which the patient ignores the world of real objects and lives in a 
dream-world of his own. Because of the uncritical attitude of 
society towards this mode of religious behaviour, a good deal of 
morbidity which masquerades under the garb of pious termino- 
logy, passes as a praiseworthy ideal of human conduct, and, m 
certain cases, is even a source of economic gain. Indeed the 
economic gains of certain religious institutions are so prolific 
that one is tempted to describe them in the words of E. B. Holt 
‘ as strictly commercial esterprises as is a lottery, a soap factory 
or a pea-nut stand.’ ^ This analysis of the religious behaviour 
of man could be profitably carried further, did the limits of 
time and space permit. But this brief discussion may serve to 
indicate that pseudo-religious behaviour, like the conventional 
ethics of our society is in urgent need of being rationally revised 
and adjusted to the real demands of the individual before 
humanity can hope to grow into rational and emotional maturity 
and, thereby, attain to health, sanity, efl&ciency anH stability. 

The efficacy with which the process of repression worlm in 
the life of the individual depends upon the subtle ways in which 
he is intimidated through the organized efforts of the various 
social institutions to whose influence he is constantly exposed. 
The repressive programme which begins in the earliest years of 
the growing infant makes use of all t]^ horrors ^hioh fkre capable 
of frightening the child out of his wits. Parental disapproval, 


1 Holt, E. B.! ‘The lYhimsical Condition of Social Society and of 
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3&S Proc* IhSth IM.C. : Pafi II : Preaiden^ Addnsse$. (14) 


the imbth of Gkx!, and the terrors of hell are a few examples out 
of a Uterally inexhaustible catalogue of institutional ^disoi- 
{dines’ which have been found efficacious in keeping the in- 
stinctual demands of the individual below the level of his conscious 
perception. Another result of this programme of repression is 
tlmt these parental prohibitions and cultural taboos are gradually 
internalized in the shape of a conscience or super-ego whose 
chief function consists in plaguing individuak with self-reproach 
and a sense of guUt. This super-ego is now admittedly found 
to be the root-cause of a large number of mental disorders. 

The internalized sense of social disapprobation and fear of 
consequent punishment, through the sheer force of the habitual 
docility of the individual, gradually degenerates into a mecha- 
nical or reflex function, so that the victim need have no conscious 
knowled^ of its operation but may nevertheless be exposed to 
its painful consequences in the form of anxiety-neurosis or 
melancholia. Morbid fear and expectation of punishment is the 
invariable symptom of one’s conflict with the super-ego. Very 
often the victim goes out of his way to punish himself. The 
various forms of the so-called accidental self-injuries or mutila- 
tions, in the last analysis, may be demonstrated to be the result 
of the unconscious sense of guilt and the demand for self- 
punishment. Indeed certain types of suicides and the event of 
recidivism could not be scientifically explained without the indi- 
vidual’s unconscious sense of guilt and wish for self-castigation. 
In the light of such inexorable demands which it makes upon 
the already over-burdened individual the super-ego must be 
regarded as a neurotic stigma. A rational knowledge of its 
origin and nature would dispel the cloud of mystery which 
surrounds its compulsive character. 

Two consequences of the conventional morality of our 
society appear to be most disastrous to the sanity and stability 
of man. (a) Repression which keeps the individual in a state of 
morbid ignorance with regard to the nature of his instinctual 
demands which in twm leads him to develop a state of smug 
and self-righteous satisfaction with our civilization, (b) The 
mental disorders or^ psychoneuroses which destroy one’s ^ppi- 
ness, sanity and efficiency through the operation of a rigid 
super-ego. This leads him to dissipate his creative ability in 
the various forms of neurotic manifestation. For, it must be 
clearly understood that repression of instinctual demands only 
renders one unconscious of their existence. In spite of the 
process of repression they carry on an underground existence 
and reveal themselves through certain bodily and psychical 
manifestations, generally known in the field of .psychopathology 
as neurotic Symptoms and disorders. 

It must by now be abundantly clear how effectively the 
process of repression may dispel from the conscious knowledge 
of the individual the ^^dstence of bis savage impulses. Let us 



(16) Section Xlll^ Psychology db EducationcU Science. 303 

now turn to a brief discussion of its influence on the behaviour 
of young people within civilized society. One often hears of 
the perpetual restlessness and tension of the young men in 
our cultures. But if we lay aside the condemnatory attitude 
and view the situation objectively it will not be long before we 
discover the causal connection between this abnormal tension 
and the dictates of the conventional morality according to 
which they are expected to direct their lives. Viewed psycho- 
pathologici^y, anarchy, revolt and antisocial behaviour of 
every description and variety are only blood-letting devices 
calculated to afford relief to their abnormal emotional tension. 
The following statement of an eminent English writer is 
exceedingly signiflcant : — 

‘ You can re-write the history of all the great population 
movements in terms of the pressure of the yoimg male surplus 

Every community can be shown to be either sending 

out the plethora of its population as emigrants and settlers, or 
reducing it by warfare, or else suffering from acute social trouble, 
such social troubles as the words Russian Hooligans, Chinese 
Boxers, Moonlighters, Nazis, Fascists, revolutionary terrorists, 
gangsters, will call to mind. The young man surplus, if it is 
not donsumed, is the main source of rebels, revolutionaries and 
disturbances of all kinds. Somehow that tension must find 
relief. The comparative social stability of the nineteenth century 
was largely due to emigration and the settlement of new lands. 
Now there are no more new lands open to immigration.’ ^ 
These words are all the more significant since they do not come 
from the pen of a professional psychologist. The writer has 
only recorded the fact of how young men in our culture are a 
perpetual menace to our social order. It is for us to correlate 
this fact with the extent of deprivation with which the instinctual 
demands of our young people are treated in our culture. Once 
again we have to thank the conventional ethics of our age for 
this sorry state of affairs. Its strategy of silence even where 
definite scientific knowledge concerning fundamental impulses 
of human nature is easily available, its deliberate distortion of 
such knowledge, its condemnatory attitude without any sympa- 
thetic insight into the state of the individual suffering from 
the strain of imsatisfied urges, the readiness with which it 
sacrifices the cause of truth and honesty by supporting frlsehood 
and deceit in the service of its hoary conventions, its undisci- 
plined idealism which has encouraged hyx)oerisy and self- 
complacent righteousness — all these have conspired to bring 
about the collapse of human intelligence and darken the destiny 
of mankind. It is high time that the exponents of this form 
of ethics should be made to realize the need of progressive 


1 Wells, H. G. : The Fate of Homo Sapiens, p, 42. 
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adaptation ; and allow it to be tested by its results in a scientific 
spirit. The canons of ri^t conduct must always take into 
account both the possibilities and the limitations of human nature. 

The key to the social and political revolt of any coxmtry 
is to be found in the psychopathology of the young anarchist. 
Psychoanalytic study has demonstrated that ofbener than not 
the leading social and political revolutionaries and anarchists 
have been recruited from the ranks of the victims of a deep 
unconscious hatred against^ parental authority. Their revolt 
against political authority was only a substitute reaction. 
Biographical studies of the leading anarchists often refSl^ sig- 
nificant familial situations which go to confirm the truth of this 
psyohopathologic diagnosis. If all the facts concemhig the 
parent-child relation from the biography of the great pmitical 
revolutionaries and terrorists were to be made available to him, a 
psychoanalyst would undoubtedly be in a position to demonstrate 
that such individuals have been the victims of imecmgenial 
family situations during their early childhood in whMi the male 
parent, unwittingly or otherwise, provoked the growing boy 
to harbour feelings of resentment and retaliation^ feelings which 
he subsequently projects on to objects, which even in the re- 
motest degree serve to remind him of the parental autocracy. 
Kings, government officials, teachers, priests have, it is known, 
often served as father surrogates who may bring out all the pent- 
up spite of the victim. Thus we see how an anarchist displaces 
his hatred for his father or father-substitutes on to social and 
political authority, and makes the world responsible for his 
unhappy childhood. A great deal of the antisocial behaviour 
of the individual is only the result of a displacement from the 
family to social maladjustment. At the bottom of many a 
political anarchy and unrest lies an emotional conflict between 
father and son. Generally the process is engineered by the 
unconscious forces of the victim’s personality; and he often 
rationalizes his behaviour or simply treats it as an mexplicable 
mystery. It is only through the psychoanalytic technique 
that the ultimate cause of his trouble can be reveaietd to him. 

V 

The limits of this paper do not permit the examination of 
other aspects of human behaviour which present an equally 
sad picture of the present state and future prospects of the 
human race. The trend of the current events seems to indicate 
that mankind is steadily heading towards self-destruction. The 
only way of escape consists in the intelligent use of scientific 
Psychology in effecting the mental and emotional re-adjustment 
wlflch appecirs to be incumbent on human society today. A 
society which has developed the use of scientific Psychology is 
already on its way to sanity and stability. 
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But it might be objected that every individual is gifted with 
a reasonable degree of common sense which enables hirn to make 
the necessary adjustment in his life without the help of sientific 
Psychology; and that since he can always learn wisdom from the 
errors of his predecessors, he need not invoke the help of scientific 
Psychology. 

The objection fails to estimate the dimensions of the task 
which confronts mankind today. It is not only the conscious 
aspect of human behaviour which stands in urgent need of being 
scientifically understood and re-adjusted. The vast and un- 
chartered field of one’s unconscious motivation must also be 
clearly cognized and rationally re-oriented. Common sense 
without the help of psychological knowledge and technique is 
unable to meet the requirements of this complicated task. 

The plea for learning from the errors of the past is an 
ancient one. Few, however, have benefited from this. For, 
even here the dimensions of the task have never been clearly 
estimated by those who have consistently endorsed the wisdom 
of this plea. It involves not only the avoidance of a specific 
pattern of overt behaviour but a scientific understanding of the 
motives which invariably produce it. No useful purpose, for 
instance, will be served in holding the isolated actions of Nero 
or Napolean as warning signals to the coming generation. What 
is really needed is the re-interpretation of their life and actions 
in the light of dynamic psychiatry, before men can be in a 
position to learn from their errors. We must be able to correlate 
the disastrous events in the regime of the past rulers and leaders 
of humanity with their neurotic and psychotic afflictions before 
we can rationally understand them and effectively avo^d their 
recurrence The same spirit of research must be carried into 
the records of certain other aspects of human behaviour. The 
psychopathological nature of fanaticism, puritanism, autocratic 
parenthood and pedagogy, for example, must be equally under- 
stood. It wiU be only then that the present generation will 
have a chance of avoiding the mistakes of the past. 

But when we remind ourselves of the extraordinary advance 
which our age has witnessed in the scientific technique of diag- 
nosing the latent contents of the human mind, the plea for 
preferring the lead of common sense appears to be even more 
absurd. This advance is mainly due to the scientific labours of 
Freud and his collaborators in the field of psychopathology and 
child psychology. To quote that brilliant British writer, H. G. 
Wells, ‘Our Imowledge of our own motives and impul^s and 
then of mass-thought and mass-action, has become beyond 
comparison more lucid and practical, thanks primarily to the 
initiative of Freud Whatever the nature ana extent of one’s 
disagreement with this great scientist, one can hardly afford to 
ignore the extraordinary penetration with which he has daptured 
the fleeting unconscious wishes and fears in their microscopic 
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detail for an objective BoientMo study and control. It would 
be only a superficial student of human nature -who would pilfer 
vague surmises of common sense to this penetrating insight 
into human maLadjustments made possible through this new 
psychological advance. It is a whol^me sign that some of the 
mading sociologists are now beginning to recognize the need of 
psychological knowledge in the programme of social and political 
re-adjustment. Thus Karl Mannheim writes: ‘If we want to 
change the human personality a»B a whole and not just its external 
behaviour, we must penetrate beyond the external behaviour 
to that realm of consciousne^ in which the different mean- 
ings of external acts can only be comprehended by sympathetic 
understanding. Thus we must try to pass from accessible e^face- 
indices to the more deep-lying background of psychological 

{henomena The diswvery of the unconscious makes it 

possible to penetrate into those hidden mechanisms through 
which psychological adjustment on the deeper levels of the self 
can be brought about.’ ^ Without the aid of scientific Psycho- 
logy any attempt at mental diagnosis and re-orientation will 
prove only a planless dissipation of energy. 

Let us briefly review certain ways in which scientific Psycho- 
logy can help human society to readjust itself so as to secure its 
future stability. 

In the first place, since, according to our analysis, the 
present crisis in the affairs of mankind is mainly due to the 
irrational restraints which society has come to exercise on the 
instinctual demands of the individual, it is of fundamental 
importance to correct our attitude towards these demands. 
The prevalent dread of certain fundamental urges of human 
nature is mainly determined by animistic beliefs still lurking in 
the unconscious depths of our personality. The ideal of ascetic 
deprivation of these urges seems to be mainly determined by such 
unconscious animistic beliefs. Psychological re-orientation will 
involve the realization of the fact that deprivation of any 
satisfaction, in itself, has no value to human health and sanity. 
On the contrary, needless deprivation of a fundamental urge 
has been found to be more harmful than beneficial to the health 
and sanity of the individual. We freely concede that there are 
occasions when the individual has to forego at least a temporary 
gratification of his initinctual demands. But this must be 
done as a measure of prudence and in consistency with the 
principle of enlightened self-interest, rather than through a 
superstitious dread of these urges. Pear will invariably lead 
to the repression pf these and the accumulation of hatred, 
hostility and anxjiri^ With which human society is at the present 
moment seethi^ < /IJIven when the need for temporary depriva- 
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tion seems to be indicated on grounds of social adjustment, it 
is important to sidetrack the instinctual demand in question 
into some adequate channel of expression so that the temporary 
suspension of gratification may not pass into complete depriva- 
tion. We are reaping today a rich harvest of deep-seated fears, 
hatreds, jealousies and anxieties which have been accumulating 
in the human mind on account of the needless deprivations of 
instinctual satisfactions to which individuals have been blindly 
subjected since the day of their birth. 

In the second place, psychoanalytic treatment must be made 
more generally available than it is at the present moment. 
Whereas it may not result in a hundred per cent cure, it will 
still go a long distance in relieving individual distress and in 
ensuring the sanity of mankind through psychological control. 
I grant that emotional health of society can only emerge slowly 
in this way. But when it does emerge, it will have a greater 
chewice to stay. 

We must, however, begin this work in the nursery. The 
psychological up-bringing of the child is the first step towards 
the mental health of the adult. The education of the child 
must be permeated through and through with the methods and 
principles of child psychology and mental hygiene. Unfortu- 
nately the current system of school education overemphasizes 
the purely intellectual nature of the child. The emotional 
aspect of his personality has not received the scientific attention 
which it demands. Consequently, one very often finds that a 
large number of individuals who pass through our existing 
educational mills, in spite of their intellectual development, 
remain emotionally immature. A great many maladjustments 
of the adult life are due to the continuance of emotional childhood 
beyond the normal period of its duration. We must deplore 
the lack of psychological insight of a large majority of those 
who bear the responsibility of educational leadership. This is 
further vitiated by the maladjusted teacher who is so over- 
burdened with the heavy weight of his own emotional conflicts 
that one cannot reasonably expect him to guide his pupils 
along the lines of wholesome development of their personality. 

In the words of President Everett Dean Martin, * 

the teaching profession — ^with notable exceptions — ^tends to be 
filled with di&rential people, people who can trot in harness, 
conform to the system, take orders, and present controversial 
truths in an inofiEensive manner. Teaching becomes a kind of 
trade similar in a way to other trades, with an average quality 
of workmanship and standardized quantity production of its 
object. People who all their professional lives must do just 
what they are told, commonly lose the habit — ^if ever it was of 
their organization — of judging the ultimate significance of that 
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which they ave obliged to perfona.’ ^ A sound psychological 
training to prospective teachers is definitely indicate so that 
we may ensure the ' emotional health of the children entrusted 
to their care. 

We mtist also urge the need of psychological clinics for 
children. For, in spite of the truth of the maxim that prevention 
is better than cure, and in spite of the supreme importance of 
adopting this maxim as the guiding principle at home and at 
school, there are nevertheless frequent occasions when even the 
most intelligent parents and teachers £a.il to know the neurotic- 
child-to-be when they see him. And even when they do know 
him it is very often at a time' when the method of prevention 
is too tardy to operate efifoctively. There are several difficulties 
which prevent parents and teachers fiom clearly diagnosing and 
effectively treating the neurotic tendenies of their children. 
In the first place, a large number of neurotic sjrmptoms of a 
child such as a pleasing docility, his speech difficulties, his 
eccentricities, his infantile ritualisms — ^instead of causing 
serious scientific concern about the child’s normality, may 
please or amuse parents. In the second place, a large majority 
of those parents and teachers who do succeed in observing 
symptoms of neurotic behaviour in their children are liable to 
put them down to moral lapses and original sin. But by far 
the most urgent reason why we need psychological clinics for 
children is that ouing to the peculiar nature of the tie which 
exists between parents and their children, there is always a 
limit beyond which no parent can guide a problem-child. May 
I add that not even an expert psychologist or a psychiatrist 
can help his own children beyond a certain limit. Take the 
case of a neurotic child. All that parents can do is to avoid 
those causes and conditions which may lead to the formation 
of neurosis in their children. This in itself is a colossal task. 
What they cannot do is to treat a neurosis after it has set in — 
particularly if they are the cause of it. There must be a psychical 
distance between the mentally sick child and the clinical expert, 
which distance, by the very nature of the case, is not possible 
between the parent and his child. Obviously, the only course 
open to parents, be they laymen or clinical experts, is to obtain 
clinical help from someone who has no peculiar ties of this nature 
with the patient in question. 

Anna Freud, Melanie Klein, Margaret Lowenfeld, Susan 
Isaacs and others have brought an amazing psychoanal3i^ic 
insight into the study of problem-children. Not only have they 
succeeded in accurately diagnosing the trouble of a large number 
of maladjusted child^n but have also brought health and 
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happiness into their lives. Their scientific work must be followed 
up by others in diflferent parts of the world. 

The help of psychological clinics is specially needed in the 
treatment of cases of juvenile delinquency. Ihe blind use of 
penal methods is not only unscientific, it is definitely barbarous. 
To quote from the writings of one of the foremost British autho- 
rities in the field of juvenile delinquency: ‘To whip a boy, to 
shut him up in a penal institution, because he has i^inged the 
law, is like sending a patient, on the first appearance of fever, 
out imder the open sky to cool his skin and save others fi’om 
infection. It is as blind and unintelligent as the primitive 
treatment of malaria, in the days when the parasite of malaria 
was unlooked for, and the mosquito ignored. With moral 
disorder as with physical we must find and fight, not symptoms, 
but causes. Not before causes have been discovered, can cures 
be advised.* ^ Someone has rightly observed that the attitude 
of society to crime is essentially animistic. Few advocates of 
corporal pimishment realize how their use of this kind of disci- 
pline may be actuated by the unconscious animistic motive of 
driving the devil or the evil spirit out of the offender. Not 
only do we physically attack the person of the juvenile offender 
with the object of ^ving his devil out of him but very often 
our own devil which we project on to him. The mental condition 
of offenders is a problem which calls for careful study. Experi- 
mental projects in this field clearly indicate that delinquents 
may be amenable to psychological treatment. It is impor- 
tant, therefore, to make the services of a medical psychologist 
available to juvenile delinquents. 

It is, however, from the view-point of prevention of sub- 
sequent maladjustments that the period of childhood has its 
peculiar importance for us. Accor(bng to the findings of psycho- 
logists in the field of delinquency and neurotic illness, the 
various kinds of antisocial and emotional maladjustments have 
their inception during the period of early childhood. Whether 
we are dealing with a notorious criminal or a neurotic individual, 
we are eventually led to consider the causal connection of their 
trouble with certain conditions in their early infancy. It follows 
from this that the incident of individual and social maladjust- 
ments to a large extent may be prevented through a psycho- 
logically enlightened home. If the home ignores the resources 
of scientific psychology in the wholesome up-bringing of its 
children, subsequent institutional care of the mentally ill and the 
delinquent will never be able to keep pace with the progress of 
mental disease and crime. For, in spite of therapeutic efforts 
and institutional care in individual cases, the incident of patho- 
logical manifestation at any given, moment, will far outnumber 
the cases of cure so long as the conditions of pathology are 
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inherent in the very nature of the un&vourable home influences 
to whidr the child is constantly exposed. Under such oiroum* 
stances inoreasin^y more disorders will continually be produced 
than it would be possible for the curative agencies to tackle, 
^e progress of di^ase will always keep steady ahead of the 
therapeutic treatment. Total ere^cation of disease will thus 
remain absolutely outside the scope of human possibility. 

It is, therefore, essential to realize the immense importance 
of parental education along the lines of scientific psychology 
as one of the most effective ways of ensuring the sanity of the 
coming generation. All actual and prospective parents must 
be educated in terms of the scientific facts and principles from 
the field of child psychology and mental hygiene. Nor should 
the value of the application of psychoanalysis to the profession 
of parenthood be ignored. There are subtle ways m which the 
personal neuroses of parents retard the normal growth of children. 
Certain causal factors in the psychology of problem-children 
very often may be traced to the emotional confUcts of parents. 
Psychological study of cases lends ample support to the state- 
ment that for every problem-child there is a problem-parent. 
Curiously enough, parenthood, one of the oldest human respon- 
sibilities, has not received the scientific consideration that it 
demands. A considerable amount of the scientific knowledge 
about the nature and development of the child is still a closed 
book for most parents. It must be clearly understood that the 
projwr re-adjustment to life does not so much consist in what 
the scientists know, as in what the people apply. 

It has been discovered invariably that a large number of 
neurotic and delinquent children come from unhappy homes. 
There may be a great many reasons to account for an unhappy 
home. But in the light of the findings of clinical psychology, 
we would emphasize the importance of a preliminary diagnosis 
of prospective marital companions in order to rule out at least 
one possible causal factor which is so likely to blight the life of 
the younger generation. A preliminary knowledge of the tastes 
and temperament of one’s prospective marital companion is also 
essential for a harmonious home. Curiously enough whereas 
in the breeding of certain species of domestic animals greatest 
scientific care is exercised on the choice of a suitable mate in 
the interest of the health of the offspring, in the case of the 
human species this most important task is left to the caprice 
of the blind Cupid and Ms only too uncertain arrows. We also 
strongly endorse the opinion of Dr. Van De Velde according 
to whom little good for a healthy population is to be expected 
from marrliges between those ‘who are aflaioted with mental 
disease, ven^eal disease, hypochondria, epilepsy, etc.’ 

Parents must, in particular, be enlightened about their 
obligation to their children in the field of sex-education. Through 
the irrational attitude and ignorance of their parents in this 



(28) Seciim XIII ^ Psychology dt Educational Science. 401 

field, many children grow into the belief that eyerjrthing 
connected with sex is wrong and sinfiil. This in turn gives birth 
to a large number of personality disorders in their later life. 
Hysteria, anxiety neurosis, hypochondria, frigidity and impo- 
tence have often been observed to be the direct outcome of a 
morbid attitude towards sex which an individual acquired 
during his childhood. The conspiracy of sUence with which 
parents meet children’s questions regarding sexual knowledge, 
is the most prolific source of the sexu^ morbidity which prevails 
in modem society. A large number of sexual maladjustments 
which go to poison the marital life of individuals also ^ve their 
roots in the subtle lies with which parents had attempted to 
discourage accurate knowledge on the part of their children. 
Curiously enough, whereas otir children are encouraged to be 
up-to-date in the field of science and art, they are kept peri- 
lously ignorant of this fundamental urge of their nature. In 
theory our educational experts admit readily enough that fear- 
lessness and freedom are good for a child, and yet where sexual 
enlightenment is concern^ they impose slavery and terror. 

Sex education must be given in an atmosphere of scientific 
freedom and in a dispassionate attitude. It must be based on 
the most up-to-date findings in the field of sex psychology. 
Medical psychology has brought to light the fact that sex urge 
has its roots in the period of early childhood; and that a large 
number of neurotic disorders of the grown-up individuals withm 
our culture are in the last analyBis actual fixations at, or regres- 
sions to, certain infantile forms of sexual manifestations. By 
debarring our children from a healthy sex education, we expose 
them to all sorts of maladjustments. Whatever the amount of 
controversy on the subject, only a short-sighted parem will 
disregard Freud’s warning that mental and personality disorders 
are, in the last analysis, traceable to sexual factors. In the 
light of these findings it follows that sex education must be 
given at an early age so as to ensure the healthy attitude of the 
coming generation. 

It must, however, be noted that sexual education must be 
suited to the problems peculiar to the specific strategic level of 
one’s psycho-sexual development. Sex education, therefore, 
cannot a fixed, uniform course of knowledge irrespective 
of the specific needs of the growing individual. It must be a 
carefully graded scientific iSbrmation suited to the psycho- 
sexual development of the individual concerned. 

The basic task of psychological re-education involves a 
complete emancipation of the child from all the irrational fears 
with which he is surrounded. In tins connection it must be 
recognized that if religion is to have a wholesome influence on 
the personality of the child, it must be purged of all those 
irrational threats which are likely to turn him i^o a coward and 
a hypocrite. It is mamly against this form of religion that 
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Pnaidernt.'—C. C. Inous, B.A., M.lk8T.C.E., 
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Presidential Address 

{Delivered on Jan, 7, 1941) 

HYDRODYNAMIC MODELS AS AN AID TO 
ENGINEERING SKILL 

iNTEODtrOnON 

There are few subjeots oonceming which so much con- 
fusion of thought exists as about the correct r61e of hydro* 
dynamic models. 

There is a marked tendency for Engineers either to hold 
that models give hi^^y reliable results, or that they are untrust- 
worthy, and must be viewed with grave suspicion. 

The main reason for this confusion is due to hydrodynamic 
models being of several markedly different types, some ^ving 
highly accurate results, while others produce results which 
diverge widely from what occurs in the prototype ; so that river 
conditions must first be translated to model equividents and 
model results translated back to river equivalents. 

The aim of this address is to clarify this quOf^on ; not by 
mere statements, but by explaining the reasons why some 
experiments are highly rouble and have become little more than 
routine practice; whUe others depend almost entirely on field 
knowledge and correct diagnosis of field conditions. 

Classifioation 

In a previous Paper, ^ models were divided into 8 types; 
but it is now proposed to simplify the question by reducing the 
classification to 4 main types : 

Type I. Geometrically similar models which give 
geometrically simiku* results. 

„ n. Geometrioally similar models which do not 
give geometrically similar results. 


^ *The use of models for eladdsting fiow problems baaed on 
experience gained in carrying out znodel eKpsriinents* at the Hydro# 
<^namio Besearch Station* by O. C. IngUs, Froomiimge qf the NtOiomd 
innitute of Soimcea of India, 1938. 
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Type m. Models vith a mobile bedi in whioh ‘flow 
pattern’ is the dominant factor. 

„ IV. Vertically-exaggerated models of riv^: 

(o) rigid; 

(b) semi-rigid; 

(c) mobile. 

Typb I 

The reputation aohieved by model experimentation has 

GeometricaUy models of Type I. 

stmilar lot this category may be classed Rigid Models in 
models which which changes in energy relations between 
give si^lar velocity and pressure is the chief factor, neeessi- 
resuits. tating a similar Froude No. ( V^/gd) in model and 
prototype. This covers experiments to determine : 

(a) coefficients of discharge, 

(&) standing wave relations, 

but fairly accurate results are also obtained as regards 

(c) lines of flow at offtakes, and 

(d) scour downstream of faUs. 

A host of successful experiments of this type will be found 
in the Annual and other Reports of the Poona Station and other 
Stations throughout the world; the results being highl^^ accurate 
provided the model is not too small and roughness in the model 
is correctly adjusted or divergences idlowed for. 

A few examples of this type of model will be cited from 
recent annual reports : 

1(a). (i) Coefficient of discharge of Nira Left Bank Canal 
Head Regviator ^ 

In this case the problem was to increase the discharge of 
an existing regulator, consisting of 7 spans of 
I* ^ ^ By bell-mouthing upstream, and 

constructing an expansion downstream, the 
coefficient in the formula Q «= VA = ACJ2gh was increased 
from 0*81 to 1*93, making it jrossible to increase the discharge 
with the same head 2*3 times, where 
Q SB discharge in cuseos, 

V « mean velocity, 
g Bs acceleration due to gravity, and 
h as head ss difference of W.L.s upstream and down- 
stream. 


^ Bombay P.W.D. Teohnicfl^ Paper No. 54 : ‘Note on experiments with 
a model of the Head Bluioes of the Nira Left Bank Canal. ’ 




( 8 ) 


Section XIV ^ Engineering^ 


407 


Figure 1 shows the original design (in full lines) and the modified 
design (in dotted lines) . 

The ooeffioients worked out from the model agree approxi- 
mately with those obtained subsequently in the Canal. 



1(a), (ii) Determination of the variable coefficient of the 10,669 
cuseca Tando Mastikhan Fall on the Bohri CanaU Sind ^ 

These experiments with a geometrically similar model have 
shown that the coefficient decreased with increase of depth and 
discharge due to impact losses at pier noses which necessarily 
increased with depth. The discharge formula of the Tando 
Mastikhan Fall in Sind was found to be 

e = Cl (B-K n D) 
where K == coefficient of contraction. 

= 0-083 in Tando Mastikhan Fall. 
n = number of piers = 9 in Tando Mastikhan Fall. 

B = Waterway = 100 ft. do. 

D = Di (Depth of water upstream over sill of flume) + 
Fa2/60. 

0 = a coefficient. 

The accuracy of the results obtained in the model has been 
borne out by observations in the Canal. 


^ Annual Report of the Central Irrigation and Hydrodynamic 
Besearoh Station, 1939-40. 
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I{b). Standing mm nkHcna of the Tando MatUkhan FaU 
in Sind ^ 

The Btaoding ware relations in the Canal agree almost 
exactly with the model results. 

/(c). Design for entmncetorigUpoeka from new c^oproMJidumnd 
atSvMur^ 

Figure 2 shows plan of the Indus above the Suhkur Barrage 
witii the new approach channel, designed to control the quantity 
of idlt entering the Bi^t Bank Canw. ' 


F/S. 2. 

PLAN SHOWING DESIGN OF NEW APPROACH CHANNEL. 

ALONG RIGHT BANK, TO EXCLUDE SILT FROM 
RIGHT BANK CANALS AT SUKKUR. C SHOWN DOTTEp) 
SCALE. 2 INCHES = / MILE. 



The Bi^t Bank Canals, in particular the North-Western 
Canal, draw excessive bed silt. As a result of model experiments 


1 Bombay P.WJO* Ibohnical Paper No. 44: *l>issipation of energy 
below falls.* » 

for deai|ni in Tech. Paper 44 superseded by 
in the Irrigation Research Division, Poona, Annuu 
V ^ 1984-35.) 

!L. i ,Uiiwtl Beport of OJ. and HJft. Statkm, 1037-38 (pp. 26 and 27); 
p. 4 to 10): and 1039-40. 
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carried out 1 1 y^s ago ^ it was predicted that a silt bank would 
form along the right bank, and that the right bank canals would 
then silt. Jn the floods of 1936, the River carried an excep- 
tionally heavy charge of bed silt, and the predicted sW bank 
formed along the right bank and heavy silting occurred in the 
North-West and Rice Canals. Various alternative methods of 
reducing the quantity of silt entering these canals were tested 
and the optimum design found was that of a curved approach 
channel 5,000 ft. long — shown in figure 2. This investigation 
presented many difficulties. Six different models with various 
scale ratios were used to determine the effect of different factors. 
To determine the best design of offtake from the Approach 
Channel to the pocket supplying water to the Right Bank Canals, 
a geometrically-similar, part-width, model was used and later 
the same model was used with increased depth to give a vertical 
exaggeration of 2 in the model as against a vertical exaggeration 
of 7 in the river model. This model showed that the width of 
entry could be made 35% loss thin shown by the river model 
with V.E. = 7. 


1 (d). Scour below flumed falls 2 

Reasons for scour below falls : 

(1) Excess energy gives rise to eddies and surging flow. 

(2) Instability of flow, due to expansion, causes ^heaving’. 

(3) Too sharp divergences cause jetting, which sets up rotary 
flow a^ eddies. 

(i) The cheapest and best way to destroy excess energy 

in a glacis fall is to construct a baffie at such a level 
and height, and in such a position, as to destroy a 
maximum of energy. 

(ii) A deflector at the end of a pavement redistributes 

velocities and prevents scour downstream by 
causing a roller with a horizontal axis to form. 

(iii) Permissible divergence decreases slightly with increase 

of discharge. 

(iv) Diverging vanes in continuation of piers fan out flow 

successfully if correctly designed. 

The Tando Mastikhan Fall was constructed with side 
expansion too sharp, viz. 1 in 5 against 1 in 10 required. Vanes 
to fan out the flow were therefore added. The fall, with these 
modifications, is operating very efficiently and b^rs out all 
the conclusions drawn from the model. Subsequent experiments 
have shown that a high fluming ratio necessitates longer 


1 Bombay P.W.D. Technical Paper Nos. 46, 46 and 62. 

2 Bombay P.W.D. Technical Paper No. 44, and also Annual Report 
of the Central Irrigation and H.R. Station for 1939-40. 
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expansions to obtain suitable downstream conditions, and that 
falls should be designed to work satisfactorily even though 26% 
retrogiession occurs; because some designs fail ^under such 
conditions. 

A border-line case between Classes I and II is a siphon 
spUlway. It comes under Class I for fully primed coefficients; 
but gives different results for priming depths.! 


Type II 


Geometrically 
similar 
models which 
do not give 
similar 
results. 


Under Type II may be cited sdme recent experiments 
carried out at Poona: — 

(i) Coefficients of High-coefficient Weirs.^ 

(ii) Slab movement in submersible bridges.* 

(i) In the case of High-coefficient Weirs, in 
which the curvature of the profile of the Weir 
is sharper than the path which filaments of water 
would follow if discharging freely into air, the coefficient of 
discharge in the formula g' = c where q = discharge per 
foot run and D = upstream depth over weir, increases both with 
depth of water over the weir and scale. The former is due to the 
fact that as Q increases, the natural path of flow under aerated 
conditions diverges more and more from the curvature of the 
weir and hence, so long as the water adheres to the weir profile, 
a reduction of pressure occurs ; and as 


pjw -f V^I2g + Z ^ constant 

for a filament (Bernoulli’s theorem) the velocity is correspondingly 
increased and also the discharge. 

An increase in scale also causes an increase in scalar 
discharge ; because whereas pressure is constant when the water 
discharges freely into air, the reduction of pressure increases 
with scale, and hence the velocity and Q also increase. 

It was not possible to estimate the discharge in the proto- 
type, theoretically, and so a series of models of different scales 
were constructed and resulti^ extrapolated to give conditions in 
the prototype as regards pressure and discharge.^ 

Figure 3 shows the coefficients obtained in models with 
scales: 1/4, 1/4*6, 1/6 and 1/7*6 of the prototype. From this 
it u ill be seen that the larger the scale, the higher the coefficient. 


1 ^nual Report of the Central Irrigation and Hydrodynamic 
Reeean'h Station for 1039-40. 

2 Annual Report of the Central Irrigation and Hydrodynamic 
Researoh Station for 1937-38, pp. 39 to 44 and 1939-40 

* Annual Report of the Central Irrigation and Hydrodynamic 
R^eai( h Station for 1938-39, pp. 31 to 37 ; and Annual Report, 1039-40. 
m f Anntial Report of the Central Irrigation and Hydrodynamic 
^IpiearLh Station for 1937-38, pp. 39 to 44 ax^ 1939-40. 
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When these coefficients were extrapolated', the conclusion 
arrived at was that the coefficient in the prototype with D — 
3*36 and q » 30-3 cuseos would be 4*93 compared with 4*76, 
4*7, 4*63 and 4*63 in the various scale models. 
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In this particular oftse, as a result of constructing a new 200 
cnseo channel, we are now .in a better position to o^k up the 
accuracy of the conclusions hitherto arrived at by eztrapoMion 
&om small models to full scale ; but even this haua presented diffi- 
culties; because Whereas the weir at Bhandardara is 660 ft. long, 
it is only 4 ft. in the model; so that the effect of the side 
boundaries, which is negligible in the prototype, is considerable 
in the full scale model; so has to be allowed for. 

The method adopt^ after small scale trials was to draw the 
flow into the 4 ft. channel containing the model, through a 
bell-mouth from a wider channel. This had the effect of regula- 
rizing velocities across the 4 ft. channel. 

It was necessary, however, to place the model sufficiently 
far downstieam of the bell-mouth for the flow approaching the 
weir to be sensibly parallel. As a result of this, slight boundary 
layer ef^ was present. A further difficulty arose at the 
weir itself due to retardation of the high velocity flow at the 
sides. The effect of this was partially corrected by providing 
a very small degree of expansion in the side-walls, but the effect 
on the pressures remained, causing slight inwai^ flow at the 
(urest, relieving the negative pressures and so reducing the dis- 
charge coefficient. This inward flow can be clearly seen in 
Photo No. 2256 (preceding the Address) in which threads, fixed 
on the weir, show distorted lines of flow. 

Figu re 4 s hows the coefficients of discharge in the formula 
V sss C7\/ 2g D plotted against depths D in the full scale model. 

It will be noticed that the coefficient instead of rising to a 
clear-out maximum as in figure 3, rises on a curve, and before 
reaching its natural maximum, falls to meet the rapidly falling 
Ime at C = 4*70. Dotted lines show the rising and falling 
curves extrapolated. These meet at C 4-9 with D = 3’86 ft., 
as compared with 4*93 extrapolated from small scale models 
{vide figure 3) ; but whereas by that method the maximum value 
of C rose to 6*03 with D = 4*10, this has not been attained in 
the part-width, full-scale, model, due to ude effect. 

(ii) Slab movement in submersible bridges i 

In this series of experiments, though impact effects were 
accurately reproduced, yet slabs of specific gravity equal to 
that in the prototype did not move in the model, though this 
had happened in rivers in the Central Provinces. Inde^ the 
model^^bs did not move in a 1/12 model with V = 2*6 ft./sec. 
(equii i| ||jt to 8*6 ft./seo. in the river) even though the wei^t 
of the^^B was reduced firom 46 Bbs, to 31 lbs., corresponding 

1 AziDiial Report of the Ceutral Irrigation « and HydFod 3 mainio 
Hes€|^u*oh Station for 1938-39, pp. 31 to 35. 
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weights in water being 27 lbs. and 12 lbs. respectively; so that 
the relative weight in water was only 44% of the equivalent 
wei{^t in the prototype. 



This investigation showed that the washing away of 
unanohored bridge slabs was due to vibrations set up by rapid, 
chaises of pressure induced as a result of the high Reynold’s' 
No. in the river ; and it was shown that the lai^ the model the 
higher the specific gravity of the slab which was just washed 
away with the same relative discharge. 
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The model showed thsib movement was so gradual as to be 
soaroefy visible except over appreciable periods of time, and 
was probably disoontinuons; but eventually the slab moved 
downstream on its pier supports until about half the slab over- 
hung, when it tipp^ up was carried downstream. In this 
case, extrapolation could not be resorted to in order to determine 
the weight of prototype slab which would just not move ; because 
the scatter in different observations in the model was of the 
same order of magnitude as the effect to be determined. This 
did not matter from the practical standpoint; because the 
Station was asked how to stop this occurring and the obvious 
solution was to anchor the slalte or provide stops to prevent the 
slabs moving downstream on their pier supports.^ 


Type in 


Mobile 
models in 
which flow 
pattern is 
dominant 
factor. 


A good example of a model with a mobile bed in which 
*flow pattern’ is the dominant factor is the 
conditions of flow which exist round a bridge 
pier constructed in erodible sand.^ 

It is shown in the 1938-39 Report that scour 
at pier noses is due to the oncoming water, 
which is deflected by the pier, diving downwards 
towards the upstream toe of the pier before sweeping outwards 
on either side of the pier — see photo 1410 at the beginning of 
this Address. This action is due to the ^flow pattern’ and is 
scarcely at all affected by the upstream bed level, which, in turn, 
is detemined by the sa^ of the river bed; so that, whereas the 
depth of actual bed upstream of the pier is oc the depth 
of scour at the toe of the pier « 1-76^/^ 

where q » maximum discharge per ft. width, 
ss scour depth at nose of piers, 
b sas width of pier, and 

qc » discharge per ft. width some distance upstream of 
pier. 

The latest exp^iments show, however, that when a pier is 
protected by stone, the d^pth upstream has an effect on the 
discharge which causes failure, the stone failing with a smaller 
discharge when the bed level is higher — ^i.e. when the bed material 
is coarse. 

Although scour at a pier, and to a lesser extent at spurs, 
can be estimated Toughly from formulae and applied to specific 
oases of rivers, yet complications arise in river models which 
are naturally vertically exaggerated. This will be dealt with 
later, it under Doth Types III and IV. 



Report of the Central Irrigation and Hydrodyxiainio 
Station for 1938-S9, pp. 31 to 35 and 1939-40. 

2 Ibid,, pp. 39-41 and 1939-40. 
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Type IV 

Vertically-exaggerated mcxiels of rivers : 

(а) Rigid, 

(б) semi-rigid, 

(c) mobile channels. 

IV (a). Rigid vertically-exaggerated models 

In such oases, the usual practice is to fix a suitable vortical- 
exaggeration, estimate the mean roughness required, and then 
verify slopes for known discharges. If the slope is in error, the 
roughness is altered until it becomes satisfactory. This is a 
slow process; because changes made in one i)art of the model 
affect other parts. Then again, though the model may give 
satisfactory results with one discharge, it may give unsatisfactoi y 
results with a larger or smaller discharge; and a uniform 
roughenmg will not give correct results. A large amount of 
data and much patient Hrial and error ’ work is therefore necessary 
which, experience in America shows, may have to be spread 
over a period as long as two years. After such verification, it is 
assumed that correct levels will be obtained for conditions 
outside the verified range — as for instance in a flood of greater 
magnitude than previously observed or when different slopes 
and local intensities of flow occur, due to peak floods in tributary 
streams reaching the main stream at different times from those 
of previous recorded floods. Such models can undoubtedly 
give most valuable information as regards flood levels, lines of 
flow, and points where violent action will occur under such 
conditions; but the model, being rigid, cannot give direct 
information about scour, which must be infened by the experi- 
mentei, nor will the flow for such conditions be correct ; because 
in nature, heavy scour would cause marked changes in conditions. 

Rigid models have been used to a large extent at the U.S. 
Waterways Experiment Station at Vicksburg in connection with 
tidal model studies. In many of these, coal dust and other 
still lighter materials have been injected to indicate the movement 
of sediment and the amount of sediment likely to deposit in 
various positions, marked out on the bed of the model by white- 
boidered squares, has ]^n measured by sucking the deposited 
material thiough a vacuum cleaner type of machine, the material 
then being separated by a machine resembling a cream sepaiater. 
The difficulties to be overcome in such models are very great, 
and the data required for successful verification enormous, it 
being considered desirable to have detailed data for a period of 
6 years. 

A rigid model of a 20 mile length of the Hooghly above 
Calcutta has been constructed at Poona to detetmine lines of 
flow and points where bed action is severe under various 
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conditions of river and tidal flow. It is the intention to use this 
information subsequently, in semi-rigid or mobile part-models, 
to investigate the specific bank-scour problem, using much 
larger discharges. 

IV{b). Semirigid 

In semi-ri|^d models the sides, and in some cases large 
parts of the b^, are held. This, by making it practi6able to 
enforce a vertical exaggeration in excess of what is natural, 
makes it possible, \ivhile retaining the same Froude Number as 
in theprototype, to increase the slope, and hence the silt charge. 

This makes it possible to reproduce similarity much more 
accurately than is possible in a fully-mobile model and so 
simplifies interpretation. On the other hand, it imposes 
conditions throughout the lengtih of the model, and the model 
caimot scour its banks, which are rigkl, nor change its course; 
and if) as is generally the case in India, the question we desire 
to investigate is ^future changes of river course and the secondary 
effects of such changes’, we must, when using models in which 
the sides aie held, predict the changes and the rate of those 
changes, to enable us to determine the secondary effects which 
will result from those changes. 

An excellent example of a case in which this was done is 
the Rangoon model. ^ 

In that case the model was bounded by a curved wall 
dividing the assumed tidal flow affecting the model problem, 
from the tidal flow to the East ; and the right bank of the Biver 
was cut away from time to time at a rate assumed by the experi- 
menter, based on judgment. Working on these two assumptions, 
it was found that wMe the Port was not threatened by eventual 
extinction, it was evident that some limitation on the draught 
of vessels using the Port would be inevitable unless rectification 
of the approaches was carried out by artificial means — a pre- 
diction which, it is understood, has been fidfilled. The point 
I wish to emphasize here is that the correct result obtained in 
this model was due to the skill of the experimenter in making 
correct assumptions, and ^ bad he made incorrect assumptions 
he would have got wrong results. 

JF(c). M chile channels 

In this section it is intended to work up from the simple 
to the complex. The simplest case of a mobile channel is one 
in which the discharge and silt charge are constant. 



^ of Givill^n^tieers, Paper No. 5100: * Investigation of outer 

Approach ohannetff^ we Port of Rangoon by means of a tidal model’ 
hy Oscar Elsdoiili^f 
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Undiey in 1919 put forward the original theory that *the 
dimensions, width, depth and gradient of a ohannel to carry a 
given supply, loaded with a given silt charge were aU fixed by 
nature*.^ 

Nine years later, Gerald Lacey produced a series of formulae 
which fixed gradient and dimensions of channels.^ 

Recently, Lacey has set forth his theory as developed up to 
July 1939.* 

His formulae, re-stated in terms of the two independent 
variables Q and /—discharge and silt factor — are as below; 

P « 2-667 
R « 0-472 

V « 1-164:1 JfR « 0-7937 Qi/«/i/8 
S = 0-000642 /*/*/ei/« 

where P = wetted perimeter; R = hydraulic mean depth; V = 
velocity and S =* slope. 

These may be compared with the corresponding formulae 
subsequently worked out by Dr. Bose of the Punjab Irrigation 
Research Institute in 1937, which were evolved by statistical 
methods fiom a mass of regime channel data collected over a 
period of 5 years in the Punjab 

P = 2-8 ^1/* 

R = 0-47 ^1/* 

V * 1-12 Pi/2 = -767 Qi/* 

S « 0-00209 21 

where m = Mean diameter of silt. 

Accepting the Lacey and Bose formulae as being very 
approximately correct for regime conditions, we find that whereas 
P, the wetted perimeter, varies as R, the hydraulic mean 
depth, varies as Qi/*, and hence P/P, the shape, varies as l/Qi^®; 
wldch means, in model terminology, that vertical exaggeration 
(s= hydraulic depth -r hydraulic width) varies inversely as the 
l/6th power of the discharge, the channel shape being relatively 
deeper in small than large channels. It will be noted that in 
the Lacey slope formulae, the slope for the same silt factor also 
varies inversely as ©i/*; and hence, according to the Laoey 
formulae, slope exaggeration is equal to verti^ exaggeration 
for the same silt in model and prototype; but, whereas the silt 


^ * Regime Ohazmels’ published in Proo, Pwnjab Engineering Oongreea^ 
Vol. VH, 1919. 

* ‘Stable channels in alluvium* by Gerald Lacey, Proc, Inst, 0,E,, 
Vol. 229, 1929-80. 

* ‘Regime channels in incoherent alluvium, * Central Board of Irriga- 
tion, Publication No. 20 of 1940. 

^ Punjab Irrigation Research Institute Reports for the year ending 
April 1987 and April 1988. 

27 
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factor enters Vertical exaggeration’ (which refers essentially 
to the oioss-section of a stream) in the form 

V.E. = S/P oc -5- Cl/*, or l/f^Q^!*, 

slope exa^eration enters in the form 8.E. = that is to 

say, whereas a coarser silt increases the 8,E., it decreases 
the V.E. and the ratio 8.E./V.E. varies as /*/*+!/• oc /*. Erom 
the sensitiveness of this relation it will be clear how important it 
is to choose correct silt conditions in a model. 

For these and other reasons, channels can be designed much 
more accurately by the use of formulae than by model studies, 
and hence models are not required, nor would they be useful for 
designing ordinary channels, though they are very useful when 
the problem is to ascertain why unnatural conditions arise in 
the vicinity of masonry works, bends, or changes of material 
of sides or bed. 


Laobt Limitimo VmjooTCY 

Inherent in the Lacey formulae there is a limiting velocity. 
Lacey has assumed that the natural shape of a silt -bearing 
channel in- incoherent alluvium is an eUipse, and hence the 
limiting section is a semi-circle, so 


P/S 

a 2ir B 6-283 

and as 


P* 

s (2-67)*Q = 7-12 PPF 

PIS 

a 7-12 F » 6-283 

or Fum 

aa 0*882 ft. per second. 


If, however, P = 2*8 \/ Q (Dr. Bose’s formulae, derived from 
Punja^ data) then P/S = 7*84 F or Fum = 0-8; and if P = 
3*2\/Q, our Station formula for a certain range of discharge and 
t 3 rpra of sat, Fiim = 0-62. WbUe it must be admitted that 
the assumption that a semi-circle is the limiting shape of a 
channel is, at best, only an approximation; yet, if even approxi- 
mately correct, it leads to the conclusion that in natural 
silt-bearing channels carrying small discharges, a change of law 
must occur when the discharge reaches a certain low discharge. 
This change of law would be sudden according to the Lacey 
formulae, but is more likely to be a gradual transition in practice, 
taking into consideration the known gradual decrease of silt 
movement with reduction of discharge. Eventually silt move- 
ment must cease and the law must then be different. It was 
found' at Poona in 1937, on plotting available data, that silt 
ohar^ varied jgferaxiwiately as (F— Frt)> where F is the actual 
velod^tdild '1*^ Is what we have call^ i^he ‘regime threshold 
velofliHlr which, for practical purposes, is the same as 
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^competent velocity*, a term used in America for the velocity at 
which silt movement just commences.^ 

It has been found that the velocity at which silt movement 
ceases in shallow channels is little affected by depth; but, unlike 
in the Lacey theory, it depends on grain size, varying approxi- 
mately as Frt oc 

With the sands normally used at the Poona Station, Frt 
varies between 0*7 to 1*0 ft. /sec. 

From this, it follows that silt movement, always relatively 
much less in a natural mobile model than in its prototype, will 
start in a river with a relatively low discharge and w ill continue 
until the discharge again finaUy falls to this same low value; 
whereas in a model, with a flood velocity of say 1*26 ft./see., 
silt movement will not begin until the discharge is equivalent 
to about half the flood discharge : 

As long ago as 1929, A. H. Gibson in his Report on the 
Severn,* concluded that the best results were obtained with a 
silt which was 20% finer than in the prototype and the use of a 
somewhat finer silt in models is almost certainly desirable. 

That this is likely to be so, follows from Lacey's latest 
theory*: that for a given degree of agitation the silt charge 
varies inversely as the terminal velocity of silt falling through 
water (F,), which in turn varies approximately as m (whore m, 
the mean diameter of bed silt particles, is of the order 0*2 to 
0*5 mm.), the relation being m s=s 0‘0645 Vs + 0*042. 

This theory was based on an analysis of a paper by Dr. C. M. 
White entitled ‘The influence of transported solids upon 
Rivers*.^ 

The coireotness of the theory has already been shown by 
the Poona Station both for very heavy silt charges * ano. normal 
silt charges.® Though this relation enables us to increase the 
silt charge by reducing the grade, it has little effect on the 
velocity at which silt movement begins and ends; so does not 
eliminate our main difficulty. 


^ Studies in Engineering, University of Iowa, Brdletin 6 ; ‘The trans- 
portation of detritus by Rowing water — By F. Theodore Mavis Chitty 
Ho and Yun-(^eng Tu. 

^ *CSonstruotion and Operation of Severn Tidal Model’ by Prof. 
A. H. Gibson — ^Paper written for Economic Advisory Council, Severn 
Barrage Committee. 

* Note on Dr. White’s theory of ‘Silt Iransport* by G. I^ey, dated 
13th December 1939. 

^ Read by Dr. White (City cmd Guilds, London) to the Potomological 
Section of ti^ International Union of Geodesy and Geophysics at 
Washington, D.C., U.S.A., in September 1989. 

* 0.1. and H.R. Station &terim Basic Note No. 50, dated July 
1940: ‘Rate of deposition of silt as governed by silt charge and terminal 
velocity. * 

* C.I. and H.R. Station, Supplementary Basic Note No. 50, on the 
same subject — ^with natural ^t oh^e. 
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Evraor of a JjasmsQ Velooitt 

The efieot of this limitation is not imx)ortant in those relations 
in which action takes place at maximum discharge, so does 
not appreciably titiate results as regards limits of embaj^nt, 
as shown in the Hardinge Bridge experiments.^ In this, it was 
shown that had free embajrment been allowed to occur u^ream 
of the Bi|^t Guide Bank of the Hardinge Bridge no damage 
would have resulted; whereas by constructing we Damukdia 
Guidje Bank across the natural line of flow, natural emba^ent 
had been prevented, which had led to an increase of action at 
tlie Ei^t Guide Bai^, and consequently had been an important 
factor contributing to its failure. 

tn a large proportion of river in*ob]ems, however, the scour 
which occurs during falling floods is a very important factor in 
determining flow conditions the following year, and this is not 
reproduced correctly in natural models. 

The alternatives to meet this situation are to depend 
mainly on experience and judgment or else to distort the model 
scales to increase silt movement with low discharges. 

Methods to redtjob befbot op Limitatiok op 
Silt Movement 

Two methods have been followed at Poona to increase silt 
movement in the model for conditions corresponding with low 
river discharges : 

(a) low discharges have been scaled up, and 

[b) slope has b^n exaggerated. 

To deal with this question adequately would require a 
separate paper. Suffice it to say here, that in general, the first 
method gives valuable mfoimation over part of the model but 
does not give correct results over the whole of the model. An 
example of this is the 1/300 scide model of the Sukkur Barrage 
from which we have obtained similarity of bed contours and 
flow along the right bank, which was the problem we were 
investigating; but conditions on the left bank were not correctly 
reproduced which, in this particular experiment, did not matter. 

Bbduoed Silt Movement in Models 

Although it is a digression, it seems advisable, at this point, 
to touch on the question of *silt deposition*. 

In a river, by far the greater part of the silt in motion is 
normally in suspension, whereas in models the proportion of 


^ Bombay P,ipr^. Teohnioal Paper No. 66 entitled * Report on 
experiments with nmela in oonneotion with the protection of the Mardinge 
Bridge on Eastern Bengal Railway*. 




(IT) 


SeeHon XIV^ Engimering. 


421 


silt in suspension is relatively small. For this reason, not merely 
is the sflt movement much less in the model; but the silt whion 
deposits in the river — namely fine suspended silt — ^forms a 
relatively small part of the model silt charge. The reproduc- 
tion of full natmal silting in the model is therefore well-nigh 
impossible even if the time scale be based on silt charge — i.e« 
on (F— Frt) — ^which would lead to the time scale being greatly 
increased as the silt charge decreased with smaller discharges. 

This is not quite so bad as it sounds; because scour starts 
later in the model and is relatively less than in the river; in 
other words, just as silt movement in the model is relatively 
much less, so also is the amount of annual scouring and silting. 
Should this fact be overlooked and the model bed be laid 
according to cold weather conditions in the river, scour pits at 
the noses of groynes or obstructions would contain more silt 
than would be natural in the model; and this excess, when 
scoured, would produce unnatural sand banks in the model. 

An extreme example of reduced silt movement in a model 
is afforded by the 1/300 Sukkur Barrage model in which, if the 
model is regulated as at the Barrage, silt movement does not 
begin till the discharge exceeds half the normal maximum flood 
discharge. 


Slops Exaggbbatiok 

Coming now to the second method of inducing early scour, 
i.e. slope exaggeration: This necessitates a smaller vertical 
exaggeration and hence, in effect, distorts the model. This 
method may be very useful in a short model provided entiy 
conditions are correctly imxtosed, but is not suitable for long 
models. Before dealirg with the relative merits of long and 
short models the question of distortion requires further con* 
sideration. 

Efesot op Exagoebation op Basks and Rigid 
Steuotxjbbs 

In most Stations it is the practice to exaggerate bank slopes 
and rigid structure according to the depth exaggeration scale; 
because otherwise they would occupy a disproportionate width 
of the model, and the deeper the scour, the greater would be 
the projection of the toe of a groyne or other rigid structure. 
This does not, however, produce correct results in the model; 
because owing to the *flow pattern’ being approximately similar 
in the model and prototype, while the depth is relatively much 
greater in the model, the width of bed action i^ relatively much 
greats in the model — as already explained in para 10 — ; 
and where, as in the case of scour at the nose of the new approach 
channel at Sukkur, the scour pit is vexy deep relative to the 
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widl^b of the ohaxmdl, the width of the scour pit in the model, 
tiie slopes of which Wre determined, as in the river, by the angle 
of repose of the material, extends right across the approach 
channdL 

In additiou to this, (but in this case reducing the error) the 
depth scale of the scour pit is different from the scale of the 
river part of the model, depending — as explained in para 10 — 
on a different law, and as steep banks exceed the angle of 
repose of all except rigid materials, natmal bank scour is 
precluded. In practice, therefore, the choice lies between rigid, 
steep, sides, and mobile, and hence relatively flat, slopes which 
ti^ up much too great a width of the model. 

In some models, and in some parts of most models, bank 
action is oompazatively unimportant; but in many cases this 
is a very important factor and the limitations can orly be partly 
overcome by the use of large-scale part-models. 


Thbow-off 

^Throw-ofif,’ by which is meant the angle of deflection of 
the filaments, is alro distorted in vertically-exaggerated models, 
and to get approximate similarity of ‘tlnow-ofif’, the slope of 
the rigid Structure has to be considerably less vertical at its upper 
end than according to that due to the vertical scale-exaggeration 
of the model. 


LoKGmrDiNA.L Distoetion 

Finally, we come to longitudinal distortion: Vertical 
exaggeration is essentially a latitudinal exaggeration, just as 
slope exaggeration is essentially a loi^tudinal exaggeration; 
but in model studies, even when the slope exaggeration is 
incre€U9ed by tilting the model, to increase slope and velocity, 
the longitudinal scale is almost universally m^e the same as 
the latitudinal scale. This is done in order to prevent distortion 
in plan. This means that both rigid and non-rigid parts of all 
vertically-exaggerated models are distorted: That is to say, 
they are foreshortened longitudinally in the ratio of the vertical 
^aggeration. 

In extreme cases this woidd lead to sub-critical conditions 
in the river being converted into hyper-critical velocities in the 
model; but more generally it leads to distortion due to the 
length in which changes have to take place being foreshortened. 
Thus the length in which new lines of flow or eddy-jMbtterns have 
to become established in the model as a result of changes of 
section or roughness is inadequate in the model to establish the 
change before a further alteration in the angle of flow or roughness 
occurs. 
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Two good examples of this ckre flow from the twin gorges 
at Sukkur i and the groynes in the Jumna at Delhi ^ In the 
former, the gorge is foreshortened 7 ^ timed, affeoting both lines 
of flow and eddy pattern of the water leaving the gorge, while 
in the latter case the groynes were seven times closer together 
relative to depth than in the river. 


Long and Short Mobilb Models 

The advantage of a long model is that curvature of flow 
and silt distribution are more natural, and so the river is more 
free to swing or change its course. Meander condition,® on 
which the solution of a large proportion of river problems ulti- 
mately depends, are also more accurately reproduced. On the 
other hand, less distortion of slope and discharge is permissible 
to obtain increased silt movement; and cost of collecting data, 
verification, and carrjdng out experiments is very much greater. 
In addition, the likelihood of omitting some important sub- 
stratum — such as layers of clay, kankar, etc. — -is proportionately 
increased; and finally, no matter how long the model may be, 
entry conditions, on which changes in a meandering river largely 
depend, and to a smaller extent, exit conditions, must be correctly 
imposed. 

In a relatively short river model, much greater control 
is possible and much more silt can be kept in motion than in a 
longer model; but the results also depend to a much greater 
extent on the accuracy of the conditions imposed at entry — ^i.e. 
the distribution of sflt and curvature of flow of the water. 
To impose these correctly is always difficult, necessitating a 
deep understanding of field conditions, which must be accurately 
diagnosed and completely visualized before their effects can be 
correctly imposed. Obviously those who can diagnose upstream 
conditions can also foresee, with equal accuracy, what the 
model portion of the river will do; hence the skilled experimenter 
knows very approximately what result the model should give 
when he is designing it and before he carries out experiments. 
The main function of river models, therefore, is to check up 
results with the experimenter’s ideas, improve on them, and 
then fill in details. It is only in the simplest cases, which 
scarcely require model verification, that a single model will 
suffice. In most cases, as for instance, experiments in connection 
with controlling silt entry into the Bight Bank Canals above the 


^ Annual Keport of C.I. and H.B« Station, 1039-4(1. 

2 md. 

* Progranune of Frooeedings, 11th Annual Beport of the Central 
Board of In^tion, India, 1940, 'Faotore oontrollhig meandering’ by 
C. 0. Inglig, pp. 04-109. 
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Si&kar Baixage,^ we liave had to use several different modda— 6 
W that ease— Tarying from geometrioal smiilarity to vertioal 
ezaggemtkm of 7}. 


OOHOLITSIOKS BBGABDIxra SOOFB AXn> LmETATlDNS OF 
MOBILB MODBLS 

The impreesion I may have created is that river models 
oaxmot be ex^peoted to give useful infcsmation. That, empha* 
tioally , is not my view ; but any idea that all you have to do is to 
oonst^ot a vertically-ezaggerated scale-model of a river and 
tlmt it win give the correct answmr is nonsense. 

I will quote a few cases which will clarify this point: 

(1) *W6 were asked to advise on how to control the main channel 
along the left bank of the Sarda River above Banbassa Weir. In the 
course of the early experiments, though the model did not indicate it, 
the conviction grew that the river would swing and burst through the 
central island. Subsequently, a very close inspection of the river confirmed 
this belief, which was not shared by the local officers. This was of 
importance; because, in the event of this happening, the work required 
would then be modified. In spite of a stone bank being built to prevent 
such a spill channel forming to direct flow mto a central, existing, 
channel, the stone was swept aside and a spill channel formed which carried 
80% of the river discharge in the first year.* 

(2) ‘We were asked to design a fidl required to check very severe 
scour which had been occurring in a neda. 

The data supplied, and design proposed, showed a steep gradient 
and h3^roritioal velocities. Previous experiments carried out at another 
Station, with a lined, geometrically-siimar model, had given similar 
flow conditions to those shown in the designs. 

Before experiments were started at Poona, it was concluded that such 
conditions could not persist and that either the banks would scour, causing 
intermittent shooting flow emd standing waves, or else the bed would 
scour, flattening the slope until subcritical velocities resulted. The 
practical efiect of this was that a depth of 14 ft. of water was to be 
expected above the proposed fcdl, against 6 ft. assumed in the design and, 
by modifying the desyga it was shown to be possible to reduce velocities 
downstream to sub-critical, eliminating the necessity for lining the down- 
stream channel. 

Although subseqju^t model experiments with cm unlined channel 
confirmed these prediotionB,^it was impossible to reproduce similarity of 
silt conditions or scour of bcmks; so the results depended largely on the 
conditions imposed, i.e. on the judgment of the experimenter.* 

(3) ‘We were asked to am^ke proposeJs to protect a Railway Bridge, 
the left abutment of which was bei^ heavily attacked. 

The plan did not seem to indicate any cause for such scour, so enquiriM 
were made as to whether any cut-off had occurred in the river. This 
proved to be the case. 

It appears that this cut-off can be closed, an alternative solution 
which wul be much cheaper and more satisfEKstory than fighting condi- 
tions resulting &om the river having shortened its coinse by one mile.* 

(4) ‘Up to 1923, the Jumna River was flowing idong the r^t bank 
past the Pumping Station. Subsequently, the river began to move across 
to the left bamc opposite the Pumping Station, neoessitanng the excavation 


^ Annual Report of C.I. and H.R. Station, 1939-40. 
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and eontinuous dredging of a channel from the left bank to the Pumping 
Station. 

The original remedy we proposed^ was to remove the upper and 
lower of the 3 spurs built on tne left bank and to build a short spur just 
below the Pumping Station on the right bank, to draw the river across 
to that bank. 

The efficacy of the design was shown in our model with the equivalent 
of 100,000 cusecs flowing in the river, which brought the river across in 
one flood season; but the resulting channel was relatively considerably 
wider than the Jumna cold weather channel. On subsequent inspection 
it was considered that as a result of stone crate pitching done along the 
river face opposite, and downstream of, the Pumping Station, combined 
with dredging, the river was likely to change across without removing the 
upper of the three groynes; so developments were awaited. The following 
year the river moved across to the Pumping Station, as predicted, though 
the flood discharge was only 31,000 cusecs, or less than l/3rd that with 
which the change occurred in the model — ^i.e. with a discharge which wcks 
so low that very little scour could occur with the equivalent discharge in 
the model.’ 

(5) ‘It has been found impossible to reproduce the changes which 
occur from year to year in our Ganges model, despite it being a very 
large model over 500 ft. long. In general, scour has occurred too quickly 
and silting much too slowly; cmd consequently the Damukdia channel 
has reopened too quickly. 

If the period of the experiments were reduced it would give the rate 
of scour of Damukdia chminel more correctly but would make other 
parts of the model still more wrong. Certain it is that the rate of opening 
of the Damukdia channel was predicted more accurately from experience 
and judgment than can be indicated by a model.’ 

At Poona, we have been doing various scale experiments, 
for several years, with mobile models — ^to evaluate divergences 
resulting from various disturbing factors — ^in order to see how 
these effects can best be minimized by modifying slope scales, 
discharge scales, silt charge, and vertical exaggeration away 
from natural conditions. 

These investigations have given us a clear understanding 
of why certain modifications which we have been carrying out 
have been successful; but they have not, and cannot, entirely 
eliminate the inherent divergences nor resolve the numerous 
complex factors. Natural mobile models do not, in fact, give 
similarity ; but only results which are capable of being translated 
approximately from river to model and back to terms of river 
conditions : and results necessarily diverge more and more as 
the period of the experiment increases. 

Frequently it is stated that river results have been verified 
in a model and have been found to be closely correct. We all, 
however, seem to relay the model every year according to the 
latest survey instead of carrying on year after year ! The reason 
given for this is that the flood differed from what was assumed ; 
but the real reason is that only qualitative similarity has been^ 
achieved. 

1 C.I. and H.R. Station Annual Reports for 1937-38, pp. 65 to 68 ; 
1938-39, pp. 14 to 16; 1939-40. 
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41so, as our objeot is to predict wbat will happen hereafter — 
not as a role for a y^t or two, but for several ^ars ahead — ^if 
the diverj^noes in a single year render it advisabk to relay ; this, 
in itself, is an admission of the limitation. 

Our experience of verification is that there is rarely enough 
river data available to make verification satisfactory, except as 
a rough qualitative check, and even if there were, it would, at 
best, be a very slow and tedious process ; because every appreciable 
change in one factor affects all the others. 

Conclusion 

I cannot do better than repeat what I wrote in my 
Symposium Paper of 1938 for the National Institute of Sciences 
of India, on ‘The use of models for elucidating flow problems ’ : 

*The general oonolnsion is that in oompetent hands, a very wide 
range of experiments with large models gives results of high qualitative 
aoouracy and may also give quantitative accuracy; but, in the case of 
river models, the data available is generally meagre, and though the gaps 
in data can be filled to a large extent by an officer with wide field experience, 
80 that a model can be made to reproduce what has previously occurred 
in the prototype under known conditions of discharge and silt charge, 
the problems which generally have to be tackled are of immediate 
urgency, the discharge data being inadequate and the silt charge data nil, 
and we are asked ** what will happen if nothing is done 7 ” or ** what 
should be done to prevent further damage 7 

* Satisfactory answers depend to a marked extent on an intimate 
knowledge of tl^ engineering side of the problems under consideration 
combined with a flair for diagnosis.’ 

Mobile river models are in fact a valuable aid to engineer- 
ing skill, which, however, they can never replace. 

Although this Address expresses my own viewpoint, yet 
much of it is based on work done by the Station staff at Poona 
and I am especially indebted in this respect to Mr. A. B. Thomas, 
Deputy Director, and Rao Sahib D. V. Joglekar. 
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SECTION OF MATHEMATICS AND 
STATISTICS 

Presidemt: — M. Raziuddqqi Siddiqi, Ph.D. 


1. On partitions. 

K. Sambasiva Rao, Waltair. 

Let a^, 02 , . . Or be a set of positive integers. Sylvester (J. J. 
Sylvester: Quart. Jour. Math., 1, 1885, pp. 81-84. Also Diokson’s 
ffistory, vol. 2 (1920), p. 119), Cayley (Cayley: Phil. Trans. Poy. 8oc., 
London, 146, 1806, pp. 121-140. Also Dickson’s History, vol. 2, p. 119) 
and others investigated the number of partitions of n into parts Oj, 
... Or. If P{ai, . . ar)n denotes that number then their results are 
roughly equivalent to 


P(ai, . . ar)n 


(r— 1) ! O 1 O 2 . .Or ’ 


This can also be proved by the elementary theory of partial fractions. 

Evelyn and Linfoot (Evelyn and Linfoot; ‘On a problem in the 
additive theory of numbers * — Math. 1929, pp. 448-448) obtained 

an asymptotic formula for the number of partitions of n into 1th power-free 
numbers. 

In this pa^r, generalizing the problems of Sylvester and Cayley 
and Evelyn and Liidbot, I consider the number of solutions in primes. 
Pi* P 2 > • . Pr, of 


± «iPi ± O 2 P 2 ± • • • ± o^P^ =• n where o^p^.<n. 

The same method can be applied to find an asymptotic formult^ for the 
number of solutions of 

± ^i(Pi) ± P 2 (Ps) ± • • • ± Pg(Pj = n where | P^(p^) | <n, 
where P^(x) denotes an integral valued polynomial. 

2. On a problem of arrangements. 

V. Nabasimha Mubti, Waltair. 

The problem is: *2n-l-l persons €ire invited to a dinner on n different 
days. Is it possible to arrange them on a circular table in suoh a way 
that no person has the same neighbour on different days J * 

I have given elsewhere (Jot^r. Ind. M<ah. 8oe., VoL IV, No. 1, 
pp. 39-43, 1939) the proof for the existence of a solution of the al^ve 
problem P«. The present paper deals with a result regarding the number 
of solutions of P*. 

Starti^ fh>m any solution of P«, we get new solutionB! (a) by 

interc han gi n g the figures 1, 2, 2n-fl, (b) by cyclic or antic^clic 

permutation inside the arrangements, and (c) by interchanging the n 
dinner parties. We shall consider all the solutions obtained l>y ecKsh of 
these altemations as belongii^ to an isomorphie group, and only such 
Mlutions of P% should be considered to be different as correspond to non- 
isomorphic groups. I sbaU show, in this paper, that there aie at least 

( 3 ) 
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thvee Afferent wMom of P« when Zn^l is a prime number and that 
there axe at least two d^etemt aolutiont of Pm w&n 2n+l is a composite 
number. In fhot» 1 prove that the two solutions mentioned in my paper 
libid.f pp. 42-43) ate two different solutions of in the sense of the 
definition of the word ^differait solutions* given here, and which is also 
suggested in his pgper {Jour, Ind, Maih, Soe,^ Vol. IV, No. 2, pp. 45-46) — 
^Remarks on Mr. y. Narasimha Murti*s paper — On a problem of arran^- 
ments (I) * by Prof, F. W, Levi. 

3. The generalized problem of the play of thirteen. 

S. M. Kbbawaul, Aligarh. 

Three players are given three well-mhted packs, each consisting of the 
same n different cards. They expose together singly cards out of their 
respective packs. If is the probability that no two of any set of 
thm cards exposed together are the same, reasons are given here for the 

conjecture that * 


4. On some algebraic relations. 

S. C. Chakrababti, Jadabpur. 


n 

(1) 2 


2n 


Sn 


0 ibO 


where denotes the sum of the products of n factors 1, a, a^, a>, . . . 

taken ai at a time. 

a;«0 

where k or , according as n is even or odd. 


(0+1) n (l+o*-). 

a* ^ r-1 

aimsO 

US V "'Si-f* ^ o”+l-(n+l)o+» 

' ' Z/ (0-1)0* "S* (o-l)® 

a; as 0 


6. On a special recurrent. 

S. C. CffAKiiABABTi, JadabpuT. 

Denote 


[c] ” (a"-*-l) . . . (o'-l), 

[o]« " («"■“-!) (a*"*-!) . • . (a*-l). 
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^8^ wm sum of the products of n factors 1, a, a*, a», . . . tc^en « at 
a time cmd 




0-1 ' 
1 


o8-l 

0—1 

o*-l 

0-1 

1 


o* 


[?]. 

[:]. 

-[i] 


2 

A-1 


then l>it = ^/Sfn ^ . 

In Dn, the element in the rth row and A;th column is 

Ar-r+1 

and the rth element in the last column is 


n-r+1 



if one of n and r be even and the other odd, and 

n-r-f2 



if n and r both are even or both odd. 


6. A rapid method for calculating the least squares solution 
of a polynomial of degree not exceeding the fifth. 

S. M. Kebawala, Aligarh. 

The ordinary method for finding the least squares solution of a 
pol^^omial is very laborious. If, however, the values of the independent 
variable form an arithmetic series, a method can be devised to give the 
solution very rapidly. The method given in this paper is an improvement 
on the method of Birge and Shea (Birge, R. T., and Shea, J. D.; 
Phyaicail Review, 24, p. 206, 1924). The process of calculating the solution 
has been divided into three distinct parts : 

(1) Calculating the solution corresponding to the standard n values 

Xr — r— Kn+l) of the independent variable. Tables have 
b^n constructed for values of n up to 30 to facilitate rapid 
calculation, and a powerful method has been indicated for 
n>30. 

(2) Testing whether the polynomial selected for fitting the observed 

quantities is suitable. 

(3) Calculating the true solution from the standard solution. 

The tables given by Birge and Shea (toe. ck,) form one-half of the 
tables here given ; and every figure has been carefully tested on a calculat- 
ing machine. 
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7. On some formulae in divinon in topologioal algebra. 

P. N’. DajS'GuPTA, Patna. 

In Topologioal Algebra, called Boolean, addition, subtiaotion and 
multiplioation are dieouased (vide Topology of Plane Sets, Ne^vman, 
Cambridge, 1039). The present paper discrasses division formulae which 
are believed to be new. 


8. Tauberiaa theorems with Kroneoker oonditions. 
S. Mikakshisxtndabam, Madras. 
Given a swies we consider the power series 

/(») = Sa^x^ 

whose radius of convergence is assumed to be ^1. 

Write 


lim 


^ 8(a). *>0 


and 


8n »= OQ~|-ai-{- • . +0« 


On '• 


n-f-1 


The following Tauberian Theorems are proved 

Theorem 1: If 3(a)-^0 cut a-*-QO and if f{x)^ 8 as a-^-l— 0 thon on-^s 

That is to say, if 5(a)’>0 as ol-^qo and Sckn is summable A then it 
is summable (Cj). 

Theorem 2: If a8(a)->0 as a-^oo, then 


osc. Sn ■ 

n-Hjo 


= OSC. /(a?) 


provided the right side is finite. 


9. On the differentiability of the integral. 

P. D. Shxjkla, Lucknow. 

The necessary and sufficient condition for the existence of 



COB ^{x)dx^ 


where the monotone function ^(a;)-^oo as was considered by 

G« Prasad. In this paper we consider 


where is monotone and tends to oo as av->0, and 4i^(x)'\ has a dis* 
continuity of the second kind at a? » 0. 
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Two dasees of fimotions, and ^t[^(£c)], have been defined. 

In the ease of it hae been shown that the inti^al is idway s differentiable 
at the origin. And in the case of ^2 the necessary and suffioient oondition 
for differentiability at a) « 0 has be^ found out. 


10. On the gradient of plane harmonic, bi-harmonio and multi- 
harmonic polynomials. 

B. R. Sbth, Delhi. 

Bernstein, Szegd and others have proved some theorems on the 
gradient of plane harmonic polynomials. In the present paper we ^ 
some general results not only for the gradient of plane hfun^nio poly- 
nomiahi, but also for plane bi-harmonio and multi-harmonic polynomials* 
As regards the gradient of solid harmonic pol 3 momials, Szegfi hM given a 
very mteresting result in a recent paper (Tra/oa. Amer. Meath. 8oc., 47 
(1940), 61-05). 


11. On certain integral representations of Whittaker and Weber 
functions. 

S. C. Dhab, Nagpur. 

The object of this paper is to obtain certain integral representations 
of Whittaker and Web^ functions. The following expression has been 
obtained ; — 

«+«'(*) “ 2.r(-2fc'-2m') Bin (2fc'+2»i»')» 


where k, k% m and m' are any quemtitieB. A particular form of the above 
integral can be given here: — 


r{2(Y 




where a— ^ » y— 8, which oaa again be written as 

-l+M 




* 

r{2(y 


!(y-“)}Jo '■ y.f*' ^ ' 


where oe -J-y *■ y a form obtained by Erdelayi bjf fractional differentia- 
tion, and also in the same way it is possible to obtm 




iV-tO - 


/.(•fO) 


12. A self-reoiprooal funotion. 

R. S. Vabma, Lucknow. ' 

Trt ir3r\im papcu a function which is self-reciprocal in the Hsjikal 
Transform of ord^ p is discovered. 
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13. A note aa tiie Ibarier's aini^ integral fcwmuk. 

B. N. .MoHAjnnr. Cottaok. 

If /(«) ia intagiaMe (£) in every finite interval and in an interval 
innlnd i n g », fif) ia of iKnmded variation, or aatiifiea one of the other 
conditiona for the validity of the Fouriw aeriea or integral, then 

i{A»+0)+/[*-0)}- Urn i f /(«) 

provided that one of the following oonditions is satisfied: 
l(o). A positive number a exists such that 



and 


-a 

J 

— oo 



dx are finite. 


is of bounded variation in (a, oo) and (— 00 , —a) for some 
positive a, and tends to zero at infinity. 


1(c). 



f{t)dt is of bounded variation in (a, 00 ) and tends to zero 


at infinity, and a similar condition holds in (— 00 , —a). 

Condition 1(a) was ^ven by Hobson and Pringsheim and Condition 
1(5) was also given by Pringsheim. Condition 1(c) which includes 1(a) 
but not 1(6) was given by Prawd and is a particular case of the Theorem n 
of this paper ^ven below in the case a » 1, condition 1(a) being 
a pi^icvto case of Theorem 1 for a » 0. Hardy and Oossar gave 
conditions which include both 1(a) and 1(5). 

We define F^(t) as the Beixnann-Liouville integral of order a (not 
necessarily an integer) with lower limit a of f(i) for some positive a and 
suppose throughout that t>a. Then 



((—«)* 


a>0 


( 1 ) 


We define the mean yalvdif^it) of f{t) by 


(«>0) .. .. (2) 


We prove the following two theorems in this paper. 
Theorem 1. If, for some a>0 



di<co 


(3) 


and a condition holds in ( — 00 , **-fi) and if over and above this in 

an interval Xt f{t) is of bounded variaticm, or satisfies, etc. (vide 


para. 1). 
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Haaottm 2. It, for somo is of bounded variation in (a, oo) 

and tends to zero at infinity, and a similar condition holds in ( — oo, — a) 
and over and above this, eto. 


14. Conjugate Fourier series and laouville development. 
S. MiNAKSHisxmDABAH, Madras. 

Let us consider, the Sturm-Liouville equation 


^r<.|g)+A»-o 


(1) 


for the boundary condition 

y(0) = y(w) = 0 (2) 

where P(a;)>0 and is twice differentiable. Let denote the normal 
orthogonal eigen functions corresponding to the eigen values A >0 and 


monotonic increasing. Then the functions t/fJx) ^ 


normal orthogonal system. A series of the form 

-•-«<*) • • 


w 

>y An 


00 

n*l 


also form a 


(3) 


is called a Siurm-Ltotwille aeries. It can be derived from a function /(x) 
by the rule 

1!I .. 


.▼ ft 




we shall oaU the associated series 


? (4) 

the series conjugate to (3). 

It is known that, if (3) is a Sturm-Liouville series, it converges or 
diverges at a point according as the Fourier series of /(x) converges or 
diverges. In this paper, we prove the following:, 

Theorem: — 1/ (S) is the ^ttmri-IAouviUe of a function f(x), 
then the confugcUe series (4) converges or diverges according as the conjugate 
Fourier series off(x) converges or diverges. 

This suggests the possibility of developing a theory of series of the 
type (4) along a line parallel to the theory of conjugate Fourier series. 


16. A further local jffoperty of the allied series of a Fourier 
series. 

S. P. Bhatnaqab, BhowaU (Nainital). 

It is known that the convergence, cmd a fortiori summability (c^a), 
a > 0, of a Fourier series or an edlied series, depends only upon the properties 
of the function near the point under consideration, though in the case of 
an allied series the value of the sum does depend upon the values of the 
function throughout the whole interval of definition. In the case of 
summability by Oeearo means of negative order, the property may fail 
at a given point due to the infiuence of the fimction in some neighbourhood 
away firom the point. 



M) 
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Hardy and littlewood (G. H* Hardy aiid J* E. latilewood : Journal 
Loud* Math. 8oo*f 6 (1981 )» 281-986) have shown that» for the class of 

Fourier aeries and allied series for whioh "" ^(n) 

bn denote the Fourier ooeffioients and Aq •» ^Oq* oos nx+ 

6« sin no? and Bn » bn cos no;— a« sin no?), convergence at a given point* or 
indeed sununabHity (A)* always impUM smnmability (Ci — 1+S). Thus 
for this class of functions, summability (Cx 1 +8) is in fact a local property. 
In the case of Fourier series Bosanquet and Offord (L. S. Bosanquet and 
A. C. Offord: Proo, Land. Math* 8oe*, (2), 40 (1936), 273-280) have shown 
that for the class of Fourier series for whioh =* 0 (w**^), 6^ «* 0 (n “''*), 
0<f<l, summability (Cj— r) is also a local property of the function, 
I (S. P. Bhatnagar : Proc* Lend* Math* Soo*, (2), 44 (1938), 316-322) have 
given an analogous result for the allied series. 

Further in the case of the Fourier series Bosanquet has given necessary 
and sufficient conditions for the sequence nA^ to be bounded by some 
Oes&ro meem and has deduced results about the summability by Oesftro 
means of negative order of the class of Fourier series summable (A). 
(L. S. Bosanquet: Trana. Amer, Math, Soc,^ 39(2) (1936), 189-204. 
In this paper Bosanquet does not discuss the problem that the property 
nA^ f^(l)(c) for Fourier senes is a local one, but mentions that there 
woiild be such a problem). In the present paper 1 consider the same 
problem for allied series and show that nB^ = 0(l)(Cir), 0<r< 1, is a local 
property of the function. 

16. On ^quasi-helioes’ associated with curves. 

S. M. Kbbawala, Aligarh. 

There are two fundamental properties of the circular helix, viz. 
the constancy of the angle made by the tangent with a fixed direction and 
the constancy of the ratio of corresponding arc-lengths on the curve and 
the axis, l^e first property generalized gives the generalized helix. 
Ourves obtained by generalizing the second property for curvilinear axes 
are here considered. For want of a better name they are here called ‘ quasi- 
helioes’. I treat here the ‘quasi-helices * associate with a general spekce 
curve. As particular oases of curvilinear axes, I consider successively tl^ 
straight line, the circle, the circular helix and that ‘two -eyed* spiral of 
which the intrinsic equation is /> » a cos be, 

17. On ten associated points in [4]. 

B. Ramamxjbti, Ajmer. 

In a recent paper (Jowm,%ondon Math, 8oc, (1938), 198), F. Bath has 
proved the following theorem: Given ten associated points in [4] whioh 
do not lie on a rational quartic curve, the rational quartio through any 
seven of them has the phme of the remaining three as a trisectant plane ; 
also the three points and the three points of intersection with the quartic 
lie on a conic. The object of this note is to give a simpler, invariant - 
theoretic, alternative proof of the above theorem. 

18. Some properties of reotilineaar congruences. 

Bam Bbhaki, Delhi. 

In this paper r^fiinaar congruences whioh consist of a system of 
lines parallel to a fixed direction have been considered, and, some properties 
of such congruenoe4hsve been obtained 1 anal 3 d;ioally. 
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19. The uee of generalized lliiiohlet’s int^ral in solving 
distribution problems of statistics. 

P. V. Krishna Iybb, New Delhi. 

By using the well-known multiple integral 


jj-j'Ksr-(r ■©'1 


X ....xj*~^dx,dxt....dx 

If X « II 


h Ig In 1 

ll li 

In 

Pi P 2 "" 

K 

* 1 

PJ>2----Pn 

1 1 ^2 

In 


'Pl P 2 "" 

P« 


X 



Jn 


1 

F{w)dw ; 


where Xi, X 2 , • . , Xn extend to all positive values subject to the condition 



it has been shown that it is wssible to get the distribution of the following 
statistics which have been obtained by other methods : — 

(1) the mean and the standard deviations of samples from a 

normal curve; 

(2) the mean of samples from Pearson’s Type I and III curves. 


20. Statistical moments and divisors of numbers, derived from 

symmetric functions. 

M. Ziaud-Din, Aligarh. 

In Statistics and Theory of Numbers, symmetric functions are well 
connected. Symmetric functions are defined for n variates and the 
statistical moments are connected by w'/x,. == where 8^ denotes the 
power-sum symmetric function. 

Tables for symmetric functions of the variates in terms of moments 
have been constructed by several authors in various ways, e.g. by O’Toole, 
Sukhatme and Ziaud-Din, up to weight 9. 

The author has used Differential Operators and Characters of the 
symmetric group in formation of the tables and the table of weight ten 
is almost ready. 

The author has previously published a paper showing the relation of 
sjrmmetric functions to Bemoiilli’s numbers. 

In this paper determinental symmetric functions are used to obtain 
certain formulae in partitions and divisors of numbers. 

21 . The Lorenz curve and its generalization. 

A. A. Kbishnaswami Ayyanoar, Mysore. 

The Lorexus curve arose from an attempt by M. O* Lorenz in 1905 
to surest a gpraphioal representation of the inequalities of wealth in a 
community. A systematic analytical study of this curve is attempted 
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hm, along with some poMoibilities of its gsoenduatiom It is rather 
retnarkable that all the generalised Lorens curves have the sanie general 
shape with the same mid-points and obey the same set of restrictive 
conditions for the first and second differential ooeffleieats. Incidentally, 
we get a geometrical interpretation of LiapounofTs inequality of moments^ 
Some interesting by-products of the investigation are : 

(1) The mean deviation from the arithmetic mean is less than half 

the range. 

(2) If the durances of the mean of a distribution from the 

extreme values be a and b, and the mean deviation is the 
harmonic mean between a and 6, then the mean difference 
is also equal to the mean deviation, the Lorens curve 
breaking up into two straight lines. 

22. On non-normal fields. 

P. C. Mahat.anobis, Calcutta. 

The technique of sample surveys has been developed broadly on the 
basis of the binomial or the Gktuss-Laplacian normal variation. Recent 
investigations have, however, shown that in a large number of cases the 
variance function is definitely non-normal. It is therefore necessary to 
develop a systematic method of classification of non-normal fields. In the 
present paper this question has been considered with special reference to 
two-dimensional non-normal fields from the point of view of the theory of 
probability. The use of such classification in planning sample surveys has 
been indicated. 

23. Levi-Civita’s gravitational potential. 

(Sm) Shah Stjlaimah, New Delhi. 

Levi-Oivita, after reducing everything to ordinary space with reference 
to a fixed Galilean frame, has obtained the equivalent gravitational 
potential for the relativistic two -body problem. For one centre, his 
equivalent central force takes the form 

fm 

where / is the gravitational constant, m the mass, r the distance, and 
c the velocity of light. 

Levi-Oivita has assumed that the whole mass is concentrated at the 
centre, which of course is not true for heavenly bodies. It is shown here 
that for a sphere of finite radius the effect of the second term vanishes 
and Levi-Oivita’s function reduces to the Newtonian form of the inverse 
square of the distance. His law, therefore, does not correspond with 
r^ity. 

24. On the problem of n bodies in the relativity theory. 

C. Baoinb, Madras. 

A method of successive approximations has been developed by 
Droste and de Sitter to form the linear element of the space-time which 
represents the solution of the problem of n bodies in Einstein’s Relativity 
Theory. Then the differential equations of the motion of the bodies are 
determined by writing the equations of the geodesics. 

In this paper 1 expose a completely (Afferent method of successive 
approximations. Their oonveigence is rigorously proved, whereas the 
qu^ion of convergence of de Sitter’s approximations is an unsolved 
problem, which is most likdly an extremely difficult one. 
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The first two approximations are easily obtainable, under certain 
conditions. I have treated only the first one, and under very general 
conditions. 

25. Stellar distribution. 

H. SUBBAMANI Aiyab and G. R. Walkbb, Trivandrum. 

The problem of stellar distribution is approached from the standpoint 
of star density per square degree relative to the galactic distribution, based 
on Van Rhijn’s (1929) study in the photographic magnitudes 6 to 18. 
Of these, the five pmg. 6, 9, 12, 15, and 18 here considered are tabulated 
at 30^ intervals in g^titude and galongitude. The cube roots of these 
are next tabulated to derive the boimdaries of their containing spheroids 
among approximately uniform distribution and the increases for each 
three pmg. intervals are compared. These spheroids are plotted — ^though 
for each 10® interval (Van Rhijn) instead of the 30® intervals tabled — ^both 
in the galactic plane and in profile for the important quadrantal planes, 
radial to and from the galactic centre and that crosswise — i.e. along the 
path of rotation. Comparison of the outlines brings out the trailing effect 
of the latter and also (in lesser degree) the preponderance towards the 
centre. 

Having derived the relative scales, the absolute scale in distance is 
considered. The mean distance by magnitude is developed into the 
empirical rule R = 10 (1*46)'^ radials (or parsecs), for the galactic 
equator. The distances towards the galactic poles are 58% of the 
equatorial, where uniform distribution predicates a 5 : 1 oblateness 
for the star spheroids. An approximately tmiform distribution of 0*4 
solar mass per cubic radial is adopted; correlating this density in a 
5 : 1 oblate spheroid with the superficial density over the sphere, we derive 
110 radials per unit superficial density per square degree along the galactic 
plane and 64 radials towards its poles. These values enter the respective 
directions in the profile diagrams. The effect of galactic absorption is 
then considered adopting Stebbins’ value of 0^*36 per 1,000 radials, and the 
corrected distances are plotted as well as tabulated. The direction and 
distcuice of the centroid for the true galactic plane are found, a>>d their 
relative increases compared for each 3 pmg. interval. Lastly, the distances 
and their increase ratios for each magnitude interval as derived from 
tabulated mean distances are compared with the like derived from the star 
densities, as an index of the accuracy of the assumptions metde. 

26. Photographic work on oephied variables. 

P. Samuels Lall, Lahore. 

Nature of the work on oephied variables imdertaken in connection 
with the International Oo -operative Scheme for the study of this class of 
stars, under the direction of Dr. Harlow Shapley, Ldiector, Harvard 
CSollege Observatory, Cambridge (Mas., U.S.A.). A description of the 
photographic camera and telescope used in connection with the work at the 
Panjab University Observatory, Lahore. The areas under observation, a 
problem in long exposures. Over 1,200 plates taken and developed. The 
measurement of the plates and final results. 

27. A problem in *Eaotorisatio Numerorom’. 

D. N. Sbk, Patna. 

Einar Hille in Acta Arithmetica, VoL 2, No. 1 (1936), considers the 
function /(n) which gives the number of representations of the natural 
number n as a product of factors greater than one. Ih this paper the 
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properties otf(n) are dealt ifith in gieatw detail. Tt is shown that 


Pi,** • • . Pi,,*”) ■■ ooeflBMsnt of *1*1 «,*» . . . 9 

2(l-®j)(l (l-*„)-r 


In particular it is shown that 

y(Pii*» Pi,**) - ' j- • P(-«i. ih 

in terms of the hypergeometrio series. 

A general form for Pi^ • • • Piy) obtained. 


28. On an upper bound to the radius of stellar configurations. 

N. R. Sen, Calcutta. 

In a previous oommimicatioup a formula was deduced for an upper 
bound of the radius of a stellar configuration (defined suitably), in terms 
of the value of the ratio of radiation to ^s pressure at the centre. The 
formula has been sharpened by considering the configuration to be made 
up of shells of matter m which the pol 3 rtropic index varies. Further, 
the upper bound for the radius has been obtained in terms of the stellar 
masses. Osculations show that for stars of small and moderate masses 
at least, the results are quite satisfactory. 

29. On the energy of a ooutraoting cluster of particles. 

B. C. Muebbji, Calcutta. 

In a recent paper in Annals of Mathematics Einstein has investigated 
the question of the existence of singularities in an actual gravitational 
field produced by a continuous distribution of matter. The gravitational 
field of a cluster of particles moving in circles has been found. By postulat - 
ing a density of particles varying mversely as the square of the distance 
from the centre, Einstein arrives at the paradoxioed result, that the energy 
of a cluster of particles in infinite difi^on first slightly decreases to a 
mmimiim and then increases again to infinite value, the dieuneter of the 
cluster also increasing at the later stage. 

If insteekl of taking a density varying inversely as the square of the 
distance from the centre, we imagine the cluster to have uniform density, 
it appears that the above paradoxical result can be avoided. We th^ 
have the energy of the duster m infinite difiusion decreasing for contraction 
by about a maximum of 6 p.c. and then again increasing by a small amount 
for further contraction almost to the limiting volume, the existence of 
which has been established by Einstein. 

This result is likely to have application in the theory of star-clusters 
or in the formation of nova. 

30. Errors of Bernstein’s methods of estimating blood-group 

gene frequenoies. 

P. V, SxTKHATMB, New Delhi. 

Bernstein has given two methods for estimating A, B, O gene 
probabilities. Efficiencies of these two methods, known as the old method 
and the improved method, have been worked out by the author. It is 
shown that the use of old method which is so widely emidoyed in literature 
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in place of the maximum likelihood method is equivalent to discarding 
about 10 per cent of the observations in the estimation of the O gene 
probability. It is also shown that the loss of information resulting from 
the use of Bernstein’s improved estimates in place of the maximum 
likelihood estimates is of negligible magnitude, thus verifying Steven’s 
conclusion that Bernstein’s improved estimates, although not the ^st 
estimates, formally satisfy maxnnum likelihood equation. 


31 . On the 2;-analogue of a result in the theory of the Biemann 
zeta-fonction. 

S. CnowiiA, Lahore. 

It is known that there exists an absolute positive constant Cx such 
that the relation 

is true for infinitely many t 

The A;-analog^e of this result is the theorem. There exist infinitely 
many k such that 


0<-L(l) 


r^X(n) 


log log k 


where is a real primUive character (mod k) and Cg is a certain absolute 
positive constant. 

This theorem was proved by Littlewood in 1928 on the basis of the 
improved * extended Hiemann hypothesis’. 

In this paper the theorem is proved without any hypothesis. 


32. On the artificially bounded harmonic oscillator. 

F. C. Attlijok, Lahore. 

In a recent paper, because of its astrophysical interest, Sommerfeld 
and Welker have discussed the Kepler problem subject to an artificial 
boundary condition which physically corresponds to the hydrogen atom 
being enclosed in a sphere whose walls are impermeable to the electrons. 
The ^’function, therefore, has to vanish on the sphere. The present paper 
deals with the corresponding problem for the harmonic oscillator. ^ £i the 
usual discussion the ^-function for the oscillator vanishes at inJMty but 
in our case the 0-fun^ion has to vanish at a finite distance which corre- 
sponds to the radius of the sphere enclosing the oscillator, llxe ^-function, 
in this case, is not given by the Hermitian polynomial, but is given by the 
Weber’s parabolic cylinder function, the index varying continuously vdth 
the radius of the sphere. The problem has physical and astrophysical 
apph cations which are indicated in the paper. 
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Astrophysics 

1. Mass-radius relation for white dwarf star. 

D. S. Kothabi, Delhi 

The usiml theory of the white dwarf star gives on the assumption of 
hydrogen-scarcity a value for the rcMlius that is about 2*5 times smaller 
than the observed value, but is reconciled with observations by assuming 
an abundance of hydrogen. However, the hypothesis of hydrogen* 
^dnmdanoe is now untenable in the light of recent advance in Nuclear 
Physics. 

In the present paper the mass-rcwiius relation for a white dwarf 
(fiussuming hydrogen scarcity) is deduced by applying Schrodinger’s 
equation for an oscillator to the motion of an electron under the gravi- 
tational and electro-static forces inside the white dwarf. The theoretical 
relation is in good accord with observations. 


Acoustics 

2. Ultrasonic velocity in solutions. 

L. SiBAiYA and B. L. Nahasimhaita, Mysore. 

The variation in the ultrasonic velocity and hence in the adiabatic 
compressibility with concentration in solutions of naphthalene in organic 
liquids has been investigated. A convenient method of measuring the 
ultrasonic velocity|(e) in liquids and solutions has been developed and it 
hsbs cdready been aescribed (fnd. Jour, Phya,, 1940). Using a mercury 
arc lamp the shift of the diffraction maxima in each solution emd the pure 
liquid has been measured for AA 5790, 5770, 5461, 4358 and 4047 A for the 
same ultrasonic frequency. For the piezo -quartz holder ivory was foimd 
to be better insulating material than fibre or ebonite, both of which were 
subject to serious break-down in insulation after havi^ been in contact 
with organic solutions for some tune. A determination of the density 
of the solutions and of the pure liquid (p) enables a calculation of the 
variation in compressibility (p) from the relation: 

_ ^ = 2 

Solutions of naphthalene in toluene and benzene indicate that the decrease 
in compressibility is linearly related to molar concentration in dilute 
solutions. These results as well as the observation thht near saturatioa 
there is a large decrease in compressibility are explained on the basis 
of a decrease in the intermolecular £ree space in a pure liquid as the solute 
leoes into solution, 
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8. The variation in sound-absorption for a obth partition with, 
its distance from a reflecting snr&oe. 

BLaji GHTn.AU Moeauai), Hyderabad (Deccan). 

The present paper is devoted to a study of the variation of sotmd* 
absorption coefficient for a thin cloth partition (unpainted) which could 
be placed at various distances from a perfect rejector. The stationary- 
wave method was used in making absorption measurements. 

The main excuse for carrying out tms work is to discover a method of 
sound-control which would be cheap and at the same time as effective as 
many of the costlier methods extant> so that a large number of Municipal 
Schools and Colleges and other similar buildings in India which cannot 
afford to instflkU costly materieds to correct the acoustic properties may 
utilise it with advanb^, though sli^tly at the expense of architectural 
aesthetics. 

It is found that if the thin cloth partition be placed at a quarter 
wave-length distance ffom a redector its sound absorption coefficient 
a becomes m high as 0*36 which is even higher than that for Treetex 
(a ssBs 0*31 at 612 cycles) or Acousti-Celotex (a = 0*26), the costly 
commercial substances so largely used all over the world to control sound.^ 
These results are remarkable m that they pomt out to the possibility of 
opening up a new field for manufacturing sound-absorbing substcmces at 
very low costs with an added ease and low cost of installation. 


Electrostatics 

4. Electrical energy of two cylindrical charged particles. 

G. P. Dubb, Agra. 

Two parallel cylindrical particles, of circular cross-section a with a 
distance aa apart, and surface charge density a are immersed in water 
containing a known electrolyte. The potential 0 is assumed to be given 
by Debye-Hiickel equation where k is the characteristic quantity 

m Debye-Hdckel theory. A suitable solution for a smgle panicle is 

jf where Kv(z) is the modified Bessel function of the second 

ifi(r) 

kind, D the dielectric constant and r =s Ka, The Zeta-potential then 
becomes ( = fiuid the electrical energy is now given by 

where ^(t) = 2r2{lQ(T)JC2('*')4*-fi(T)-ffi(T)} 

Iv{z) being the Bessel function. This seems to exhibit a minimum for 
a certain vaJue of a and hence may be of importance in explaining the 
thixotropic properties of rod-shaped particles. 


Qeneral Physics and Heat 

5. EfiEdsion j^henomena in a degenerate Bose-Einstein gas. 

D. V. Gogatb, Baroda. 

Expressions are derived, in this paper, for the efiusion of number, 
mass and energy in, the case of a degenerate Bose-Emstein gas taking into 
account the effect of relativity M^hanics. It is found that whereas 
in the case of a non-degenerate gas the effusion of number, mass and 
energy depends, fqr ^giyen vsdue of temperature T, on the concentration 

2B 
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it becomes independent of n in the case of a degenerate gas* The 
effoaion of one degenerate gas into another is cJso disoussed and it is shown 
that th^Be formulae for efiusion in the case of Bose-£!instein degeneracy 
do not involve and but only and and that the phenomenon of 
thermal tran^iration does not occur in this case for, the equality of the 
rates of efhision from gas 1 to gas 2 and from gas 2 to gas 1 automatici^y 
implies the equality of and ^ 2 * 

6. Effect of electric field on the viscosity of liquids. 

S. P. Pkasad and B. N. Singh, Patna. 

A new experimental arrangement to study the effect of electric field 
on the viscosity of liquids is described. The electric field acts in a direction 
at right angles to that of flow of liquids and it has been so devised that 
no continuous electric conduction takes place in the liquid. Thus it is 
possible to eliminate entirely any spurious changes in the viscosity due 
to the movement of ionic impurities under the action of the applied 
electric field. With the new arrangement the rate of flow of a number 
of polar liquids, e.g. nitro -benzene, ether, ethyl acetate, and xylene have 
been observed with and without the electric field. The maximum field 
strength varied from liquid to liquid, ranging from 15 to 50 kv/cm. No 
appreciable change occurs in the viscosity of any of the liquids examined 
on the application of the electric field. 

7. Thermal transpiration of a dissociating gas. 

B. N. Seivastava, Allahabad. 

In this paper the thermal transpiration of a dissociating gas has 
been investigated theoretically for two chambers maintained at different 
temperatures and communicating with each other through a narrow 
opening. It has been shown tl^t the condition of thermodynamical 
equilibrium and the usual transpiration relation for each constituent 
cannot both be satisfied simultaneously. In §2 the problem has been 
treated rigorously from the view-point of a steady state. Expressions 
have been worked out showing how the law of mass action suffe ’s modi- 
fication in this case. Expressions have also been deduced for the atomic 
and molecular concentrations in the two chambers and the modified 
transpiration relation is stated. In §3 an approximate solution of the 
problem has been given which is based on the cbssumption of thermo- 
d 3 rnamioal equilibrium in eewh chamber. Expressions have been deduced 
for the absolute magnitude as well as the ratio of the atomic or molecular 
concentrations in the two chambers in the general case and in some limiting 
cases. Finally the relative merits emd demerits of both the treatments 
have been clearly set forth. 

8. Thermal ioDization of strontium. 

B. N. Seivastava, Allahabad. 

In this paper the thermal ionization of strontium vapour has been 
experimentally investigated by an apparatus already described by the 
author in his earlier work on barium (Proc, Roy* 8oc. A, 175, 26, 1940). 
Experiments have been ccuried out at veunous temperatures and pressures 
of strontium vapour euid the equilibrhzm concentrations of ionized stron- 
tium emd electrons inside the furnace have been obteuned by Rowing 
them to effiise out through a narrow opening. This gives the equiUbrium 
constant. The energy of ionization has been calculated by utilizi^ the 
well-known icmization formula. The resiilts obtained agree, within the 
limits of experimental error, with the theory of thermal ionization and the 
known spectroscopic value of the ionization potential of strontium. 
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p 6 ak-]ii 0 thod of meMuremeats was employed and etoerimente were 
carried out in accordance with the programme idong the rollowing lines: 

X. Determinations of the numbm of atmospherics from different 
directions on different wave-lengths at different times of the day^ with 
spedid reference to the sunrise and the sunset times. 

Usually one and occasionally two maxima* a few minutes before the 
local sunrise time were observed. The number of atmospherics was 
found to be minimum from about 12 to about 2 in the afremoon. Just 
about sunset time a minimum was followed by one maximum and occa- 
sionally two maxima a little cJter the local sunset time. 

XI* Measurements of the field-strengths of the atmospherics from the 
SSast^West direction (and occasionally from the K'orth-South) on different 
wave-lengths at different times of the day with special reference to the 
suiiriBe and the sunset times. ^ 

Usually one and sometimes two maxima were observed a few minutes 
before the local sunrise time. One maximum cmd occasionally cmother 
were observed about and a little after the local sunset time respectively. 
Soon after the maximum immediately before the sunrise^ the field-strength 
decreased rapidly and continued diminishing till sometime after the 
sunrise. There was a subsequent rise, indicating in some cases a small 
maximum an hour or two cJter sunrise. The atmospheric field-strength 
was usually large late in the afternoon. 

A general explanation has been given in the paper. 

m. Day-to-day determinations of the mrections of arrival of 
maximum atmospheric disturbance at three specified hours of the day on 
two wave-lengths 30 m. cmd 60 m. 

rv. Hour-to-hour determinations of the directions of curival of 
maximum atmospheric disturbance for some days. 

V. The frequency distribution of atmospherics from the East-West 
was studied in two different remges of wave-lengths, viz. : 60 m. to 160 m. 
and 16 m. to 30 m. as follows. 

(а) Measurements of field-strengths of distant atmospherics during 
day and night. 

It was found that the day-time atmospheric field-strength was 
inversely proportional to the aquare of the frequency* During night-hours 
the atmospheric strength was foimd to decrease exponentially with the 
increase of frequency, 

(б) Measurements of atmospherics of near origin during local thunder^ 
storms. It was found that m most cases the atmospheric field-strength 
was inversely proportional to the frequency, 

(c) Measurements of fldd-strengths of the * rain-statics, * The frequency 
distribution of these atmospherics was similar to that for atmospherics 
from centres of local thunderstorms. 

VI. The average values of the daily maximum peak-strength of the 
atmospherics on 30 m. and 60 m. during mormng, afternoon and night 
hours for the months of May dtid June were determined and an estimate 
of the signal strength values for good reception about this time at Dacca 
on these wave-lengths is given. 

15. Some studies in the atmospherics at Dacca on medium 
radio-frequency. 

S. B. Khastgib and B. G. Basae* Dacca. 

In this investigation on the atmospherics received at Dacca on medium 
radio-frequencies* a detailed study of the field-strengths of the distant 
atmospherics during local sunrise and sunset times was made. Two 
types of results were obtained in the early morning experiments ; 

(1) The field-strength of the atmospherics diminished rapidly long 
before the local sunrise time and continued diminishing till * sometime 
after the sunrise time. There was a subsequent rise (sometimes gradual 
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md sometixtief nirpid) iadioating ocoasionally a inaximum, an hout or two 
«fber sunrise. 

(2) In some sets of observations an uxmustakable maximum in the 
field-strength value was observed about B to 10 minutes before the local 
sunrise time. Sometimes another maximum which was less pronounced 
than the first was also observed about 10 or 16 minutes earlier than the 
first, and there was the same rapid decrease in the atmospheric field- 
strength immediately before the sumise and even after it for a while. 

The evening observations almost always indicated a maximum about 
the local sunset time. 

The measurements of the field-strengths of the atmospherics com^ 
from the East-West and the North-South directions were made following 
the well-known peak-method of atmospheric noise meeusurements. The 
observations for the two directions were alternately taken and the alternate 
observations revealed exactly similar features. 

A general explanation is given of the sunrise and stuiset effects. 

The directions of curival of the atmospherics for some days were also 
determined. 

Further experiments on the frequency distribution of the received 
atmospherics over a limited range of medium rcbdio -frequencies were cJso 
made. 

16. On electrical disturbances to radio broadcast reception. 

N. L. Dutt and S. P. Chakravabti, Calcutta. 

The paper relates to studies on disturbances from electrical sources 
{common in Indian city areas), e.g. D.C. fan, pump and tool motors; 
refrigerators and car ignition systems — ^to medium and short wave broad- 
0 €wt reception. 

Studies have been undertaken under the following heads ; (1) measure- 
ment of noise voltage output at different wave-lengths in 13-160 metres 
and 200-646 metres bands at a fixed distance from the source, 

(2) measurement of noise voltage output at veurious distances from 
iihe source on different wave-lengths in short and medium wave bands, 
and 

(3) directional radiation characteristics of the source on different 
wave-lengths. 

It h^ been found that the noise level from fan is highest on the wave 
bands 56-76 metres and 160-250 metres, although it is suffloiently high 
on the bands 13-16 metres and 35-46 metres and is quite low on the bands 
16-22, 46-66, 80-100 and 360-645 metres. The noise level (S) has been 

found to vary with distance {D) according to the law 3 =s= for both 

short and medium wave-lengths. The directional curves of the normally 
suspended ceiling fan for wave-lengths in medium and short wave bands 
are not circular and indicates that radiation may be greater in certain 
directions. Discussion on the results is given. 

17. On the polar diagrams of ultra-short wave horizontal 

transmitting aeri^. 

S. S. Banebjeb and G. C. Nbogi. 

Polar diagrams of several types of directional aerials have often been 
studied by various investigators, but a similar study with horizontal 
aerials has not yet received adequate attention owing tot their comparative 
recent application in ultra-short wave communications. Mention should, 
however, be made of the valuable investigation io this direction by Meissner 
(Proc. Inet, Bad, Eng,^ Yol. 16, p. 928, 1927) and Niessen (Ann. der Phy$,t 
ToL 83, p. 404, 1938). 
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Za ^he pMent paper polar for vcu^us dwtan^ee have beezL 

investigated with ultra-short wave horizontal transmitthig aeiyaJs of 
dififerent leoa^hs* In order to draw the polar diagraniB the intensities 
of radiated^ld-strengths around a horizontal transmitting aerial wm 
deteamined by a calibrated ultra-short wav© receiver of super-regenerative 
t 5 rpe. For tl» purpose of radiation a modulated valve osoiOator generating 
waves 4 te 8 metres long was employed in conjunction with a half-wave 
aerial. The observed vSues of deld-strengths were compared with those 
calculated mathematically by the formulae developed by the method 
of 'induced e jn.f. The exact directions of the maximum and minimum 

amount of eneigy-flow from the transmitting aerial have been determined 
by theoretics^ calculations and the results obtained thereby have been 
verified by experimental observations. It hsus been noticed that aerisds 
of different lengths radiate the energy sdong different chsumels and the 
polar diagrams for a particular length of the skerial depend on the distance 
at which the field-strengths are mesbsured. 

18. OvertJl voltage gain of low frequency amplifiers with 

negative resistance. 

S. 6. Banbbjbb and A. S. Bao, Benares. 

It is a matter of common experience to find the sustual oversJl voltskge- 
gain of a low frequency amplifier of more than one stage to be measurably 
less than the gain theoretio^y calculated from the associated circuit and 
tube constsuits. This discrepancy has often been attributed to the stray 
as well as fixed capacities and inductances involved in the circuit and also 
to the behaviour of the tube under the circumstances. The definite 
oondusions, however, seem to be still lacking. 

The present paper is concerned with a detailed study of low frequency 
amplifiers investigating the cause of loss of amplified voltage during the 
transfer of energy from one valve to the next following it. Analyzing 
the circuit of a two-stage low frequency amplifier with resistance-capacity 
coupling, it has been observed that the primary seat of attenuation of 
voltage lies in the inter-valve coupling components and out of which the 
grid resistance only can be veuied at will for compensating the loss incurred 
and also withQut causing any serious effect on the working condition of 
the amplifier. The minimum loss of voltage is, however, obtained only 
by a negative resistance in the grid circuit of the valve and the exact 
v^ue of this resistance can be calculated from equations derived for the 
purpc^. The oondition of minimum loss has been verified experimentally 
by using negative resistance of a d 3 matron valve along with a ^ed positive 
resistance in parallel with it in the grid circuit of the valve in the second 
stage of the amplifier. 

19. Beotification in disoharge tabes. 

y. T. CHlsiiOirKAB, Benares. 

Using the same method of observation as reported previously (Proc. 
Ind, Aoad» Sci,, 10, 381» 1039), a detailed study has b^n made of the 
pressure variation of the rectification ratio p in disoharge tubes, as a 
nmotion of the relative sizes of the electrodes and the inter-electrode 
distance L 

The rectification ratio p is found to be determined to a very great 
extent by the pressure in the tube. The variation of the rectification with 
the relative sizes of the electrodes or a (which will r^resent here the ratio 
of the areas of the two electrodes) is therefore appreciably determboed^ 
by the pressure at which the measurements are xnMe. This is specially 
true for low pressmes of the order of 1*0 to 2*0 x 10-** om. for which 
range, the rectification does not show any simple dependence on or. For 
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bigber pxmnm, however, than the above, p varies with a in a direct manner, 
higher values of a leading to higher values for p. 

There is a gmt difference in the rectification pressure curves obtained 
in the case of air and hydrogen; on the other hand, the curves reveal an 
unmistakable similarity in the case of air and nitrogen. The data are, 
however, insufficient to permit of any generalization. The curves obtained 
for the high pressure range 0*1 to 1*0 cm. of Hg are very complex and show 
numerous abrupt maxima and minima. 

20. Instability of the atmospheric electric field during the 

epoch of its evening maximum. 

A. Vbnkat Rao Tblano, Bangalore. 

Several records of the atmospheric electric field show characteristic 
instability of the field coinciding with the phenomenon of the evening 
maximum between 19 and 20 hours, standard time. It may show : 
(i) a sharp needle-shaped peak, (ii) a sudden collapse of the field, (iii) a 
collapse followed by p^ud recovery, showing a deep dent in the curve, 
(iv) a shekTp run to negative with equally sudden recovery, reminding us 
of the effect of a light drizzle, and (v) actual drizzle with its field inversion. 

It is shown tlmt at the time of these phenomena, on the average, the 
temperature is falling, the htimidity is rising, the electric conductivity of 
the air is falling steeply, the wind velocity is low Euid the probability of 
precipitation is high. Bearing these and other facts in mind, an explana- 
tion of the continued rise of the field to a maximum and the subsequent 
fall, and the frequent instability of the field during this epoch is offered. 
The explanation is based on the condensation of moisture on dust nuclei 
and ions and the sedimentation of these minute droplets, often showing 
up aa evening mists, the phenomenon occasionally reaching the proportions 
of a very light drizzle. 

21. On the velocity of wireless waves. 

H. B. Mohanty, Cuttftok. 

It is generally €issumed that wireless waves travel over the ground 
with the velocity of light. The electrical properties of the ^oun.i may, 
however, infiuence the velocity to a slight extent. But certain American 
experimenters who measured the time of travel of short pulses of wireless 
waves to a dist€uit station and back found the velocity was variable cuid 
was about J to f the velocity of light. Other experimenters have 
mecusured the velocity by different methods, but unfortunately they have 
measured the pheise-velocity of propagation and not the group-velocity. 
It was with a view to me€bsure the group velocity and to test the con- 
clusion of the Americcui workers that we developed a technique to mectsure 
the rate of travel of high frequency pulses between two stations. The 
results showed that the velocity of propagation was within a few per cent 
of that of light, disproving thereby the conclusion arrived at by the 
American workers. Accidentally, an explanation was found for the 
imexpeoted result obtained by them and the condition of the ground ets 
regards its moisture content was found to have no appreciable effect on 
the velocity of propagation. 


Spectroscopy 


22. A oiioular periodic chart. , 

L. SiBAiTA, Mysore. 

A new periodic chart, based essentially on the distribution of dectrons 
In the various shells K, L, M, N . . • • and subshells s, p, d, f, is suggestedL 
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The taace eerth elemeats fhvm to find a pvo]^ place, as the 
eleotrozis Bnccessively eater the 4f subshelL While the elemeats are 
arraoged in order of moreasing atomic weight in the Mendeleeff chart, 
the new chart brings into prominence the r61e of the atomic number in 
atom building. The various chemical groups and subgroups, the electron 
configuration of the ground state df the atom and its corresponding 
spectroscopic term are all indicated in the chart. Betaining all the 
advantages of the Mendeleeff chart, this circular periodic chart helps one 
to follow the process of atom building. 

23. Interaction of atomic energy levels. Part IV. 

T. S. Stobabaya, K. Sbshadbi, and N. A. Nabayana Rao, 

Mysore. 

Investigations undertaken with the object of finding the effect of the 
miicirig of two elements on the mtensities of their spectral lines, due to 
mutum interaction of the atomic energy states, have been continued by 
studying the spectra of tin, mercury and their mixture, produced by a 
disohar^ from a 4000 volt, 3 KVA transformer. The following is the 
list of Imes which alter in relative intensity m the mixture: 


Tin, 


Strengthened: 

Weakened. 

2840, 2861, 3034, 3176, 3262. 

2317, 2335, 2355, 2422, 2429, 2484, 
2496, 2547, 2572, 2594, 2661 
4525. 


Mercury, 


Strengthened: 

Weakened. 

2464, 2536, 2652. 2654, 2655, 2753, 
2857, 2894, 2967, 3984, 4078, 4108. 

2400, 2639, 3704. 


An explanation for these observed changes of mtensity on the basis 
of impacts between metastable and normal mercury and tin atoms is 
given. 

24. The spectrum of mercury in an electrodeless discharge. 

T. S. SxJBBABAYA and B. L. Nabasimhaiya, Bangalore. 

As a preliminary to the study of the hyperfine structure of spark 
lines an electrc^eless discharge in mercury hiu been studied. Using a 
continuous wave excitation with 1500 volts on the anodes of the push 
pifil oscillator, only arc lines with high series members were obtained. 
When H.F. damped waves from the spark discharge of a 20,000 Volt trans- 
former were used, a large number of lines of singly ionized mercury were 
observed without any ck^ssified lines of Hg HI. Many of the Hg H lines 
are still unclassified and a full list of the observed lines is given. The 
hyperfine structure of AA 6149, 5889, 5871, 5677 of Hg n has been examined 
with a glass Lummer plate and a Fabry-Perot etalon. All the Imes were 
found to be sin^e within the resolution available. Further work is in 
progress. 
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26. Exoitation of light emission from quartz' under impact 
with oanal ra 3 ^ of hydrogen and nitrogen. 

V. T. CJhiplonkab, Benares. 

This gyes a prelimiimry report of an investigation carried out on the 
subject. The quartz window is fixed at a distance of about 5*0 cm. firom 
the canah at an angle of about 45^ with the axis of the discharge tube, 
'^e spectrograph is kept making an angle of nearly 90° with the discharge 
tube. Care is tckken to eliminate the direct light from the ccmal ray beam 
as far as possible. The greenish-white light given out by the quartz, at the 
point of impact is focussed by means of a cylindrical quartz lens on the 
slit of the spectrograph. 

The spectra obtained show a number of groups of lines, which appear 
on first examination to be characteristic of oxygen and silicon. More 
interesting is the chemge in the intensity distribution of the hydrogen 
continuum in the case of excitation by canal rays of hydrosen. Micro- 
photometric curves show two distinct maxima in the regions A 4000A emd 
A 3200A with a shallow minimum in between at about A dfiOOA. In the 
<}€kse of excitation by oanal rays of nitrogen, only the groups of lines 
characteristic of oxygen and silicon, make their appearance* without the 
presence of the continuum. It would appear as if the alteration produced 
in the intensity-distribution is not characteristic of quartz but of hydrogen 
itself. 


26. Problem of true measure of relative band intensities. 

N. R. Tawdb and V. S. Patankab, Bombay. 

Various measures are in use for representing the relative bcuid in- 
tensities. Either resolved or unresolved bands are used for this purpose. 
In the case of resolved bcmds, integration method can be adopt^ to 
measure each structure line separately to obtain gross height ’ of the band. 
Alternatively, only a few structure lines having the same quantum numbers 
in the different bands can be chosen and their intensities compared. 

Tn tmresolved bemds, integration method involves the determination 
of the area under the contour of the bands to be compared. Alterna- 
tive method is to correlate the bands by estimation of *peak’ or ‘head* 
intensities. 

In this investigation, the merits and demerits of the different methods 
have been examined at length and conclusions arrived at regarding the true 
measure of relative bemd intensities. 

27. Study of the intensity theories in the molecular spectra: 

second positive system of nitrogen. 

N. R. Tawdb and V. S. Patankae, Bombay. 

The theories of emission and excitation probabilities as given by 
Hutchisson and developed by Langstroth on the basis of wave-mechanics 
have been examined in the case of second positive system of nitrogen. 
Theoretical calculations have been made according to Hutchisson’s formula 
to determine the emission probabilities and these used in conjimction with 
Langstroth’s excitation probability gives the * complete* intensity. Ex- 
perimental data on the integrated intensities of bwids Jl^ve been obtained 
oy methods of spectral photometry to test the predictions of the theory. 
Improvement in the agreement resulting from interchange of quantum 
numbers of bands in the theoretical oalc^tions has been explained and 
the results in general have been critically examined. 
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28 . Speiotial oluucaoteristios of the xutrogen moleoole in ajr. 

N. B. Tawdx and V. S. Patankab, Bombay. 

Foteigii gases or impxirities are known to influence the spectra of 
gases to a large extent. Dry air contains besides nitrogen^ an admixture 
of gases, such as oxygen, argon, carbon-dioxide, hydrogen, neon, helium, 
kr^ton and xenon m variable amounts. When excited in discharge 
tune, air gives the characteristic nitrogen bcmd systems. One may 
expect that the spectral characters of these may be ii^uenoed to a more 
or less extent by the presence of other air gases mentioned above. The 
present investigation has been undertaken with a view to study this 
problem quantitatively. Kemarkable effects have been noticed and they 
hskve been discussed at length in the paper. 


29. Interpretation of the band speotnun of manganese 
monoxide, MnO. 

A. K. Sbn-Gupta and B. K. Chatohubi, Caloutta. 

The band spectrum of manganese monoxide has been previously 
observed by several investigators under low and moderate dispersions, 
showing single-headed bands, which in some cases look diff^. An 
analysis of the vibrational structure of the spectrum has also been 
attempted, but it is found that the vibrational coefficients are not of the 
right ordefr of magiutude which one would expect from an analogy with 
other homologous diatomic molecules. Furthermore, from considerations 
of the fact that a diatomic manganese monoxide (MnO) molecule consists 
of an odd number of extranuclear electrons, one would expect its band 
system to arise from a transition between electronic states of even multi- 
plicity and to show multiple hecKls or at least multiple branches or structure 
fines under favourable conditions. Until this h^ been ascertained one 
cannot with certainty assign the emitter of the spectrum as due to MnO 
or MnO*^. 

In the present investigation the spectrum has been photographed 
under the high dispersion obtainable in the first and second orders of a 
21 -ft. concave grating, having a dispersion of about 0*6 A.U. per mm. in 
the second order. The high dispersion spectrograms reveal tl^ following 
interesting features, viz.: 

(i) Most of the strong bands, excepting (0, 0), (0, 1) and (0, 2), show 
distinctly double heads, the higher wave-]bi^h component being more 
intense of the two. 

(ii) The bands (0, 0), (0, 1) and (0, 2) are headless, the dUffuse head- 
like structure under low diepeTsion being resolved in each case into a leurge 
number of pairs of faint but sharp lines. 

(iii) Excepting the first members in the sequences, 

— 1 and —2, othera possess definite double-heads. 

(iv) The interval between the double heads, where observable, is 
almost invariable in magnitude. 

In the present paper, these features have been interpreted in the 
light of the recent thec^ of band spectra and of mecurarements of the 
structure lines and their analysis for some of the stroogest bands. The 
band system is found to arise from a transition between two sinular and 
doublet electronic states, the more likely transition being 
The veJue of in the lower state changes inappreciably with increasing 
v'-vidues while that in the upper state cha^m appreciably with e'- 
inoreasixg. A new band-head equation has also been worked out with the 
improved data now avafiable, and the vibratiozkal constants have the 
expected values. 



Section II, Phyaiee. 


29 


<18) 

SO. 


V 


The band apeotra of the monoxide and monoohloride of 
bismuth. 


S. K. Bay and P. C. Mahattti, Calcutta. 

The present i»per deals with the identification and analysis of the 
band spe^ra obtained in absorption of bismuth trichloride as well as in 
-the flame of an are fed with the same salt. Measurements of band heads 
have been done from plates tiUken with a Hilger El spectrograph with 
interchangeable quartz and glass optical systems. From a comparison 
of the emission and the absorption spectra, it has been found that the 
bands lying above A 5400 and extendi^ as far as A 7000 are present only 
on emission plates. These bands are partially resolved and do not appear 
on the absorption plates, which however, show two well-developed mmd 
systems, one lying in the blue-green region between A 4300-A 6700 while 
the other in the violet region between A 3600-A 4000. The latter two 
systems are due to the monochloride of bismuth, as in favourable ocuses, 
isotopic heads due to Cl^^ and Cl^^ have been distinguished and measured. 
'The red bands, on the other hand, do not show isotopic heads and are 
tmdoubtedly due to the monoxide of bismuth. 

It is further noticed that the violet bands of bismuth monoohloride 
are absent on the emission plates, although they have the same lower 
state as that of the blue-green bands. This suggests that the upper state 
of these bands is unstable. 


Sh On the continuous emission spectra of electricad dischargee 
through the vapours of SnCl 2 , SnCl 4 and SiCl 4 . 

R. K. Asundi, Benares. 

Description and mecksurements of the continuous emission spectra 
observed are already given {Proc, Phys, Soc,, London, 50, 581, 1938). 
It is likely that these spectra are really emitted by the excited molecules 
of the vapours. * With this Ckssumption, on constructing simplified Franck 
Oondon diagrams to illustrate the energy levels of the various systems 
of separated atoms and the ground states of the molecules with the help 
of known spectroscopic and thermochemical data, it is found that a simple 
relation, similar in all cases, exists between the continuous spectra and 
the electronic terms of the molecules in question, which possibly is the 
explanation of the existence of the continuous bands. The work is done 
in collaboration with Dr. B. Samuel and Dr. S. M. Karim. 


32. On some emission bands probably due to Si02. 

B. K. Asunbi and Nanb Lal Singh, Benares, 

A spark dischcuge between two gUuss tubes which act as secondary 
electrodes of a powerful induction coil can be so arranged as to consist 
of a brilliant yeUow point on one electrode and an intense white point on 
the other, bridged by the usual pink colour of the spark in air. The 
spectrum of the white spot gives, in the visible ren^on sue distinct groups 
of closely packed bands whi<fli are not well resolved by the constemt devia- 
tion glass prism spectrograph used. Prelimini^ measurements of wave 
numbers (unoorrecied) of the maxima pf intensity in Mh group obtained 
from measurements both of the spectrum plate and a miorophotometer 
l^ate of the spectrum are given in the following table. The measurements 
are not very accurate and have probably an error of ± 25 cm."^. 




In the ultra-violet the spectrum shows the well-known SiO bands 
whose frequencies of vibration m the excited and imexcited states are 
851*5 cm.-^ and 1242 cm.-^ respectively (H. Sponer: Molekul spehiren). 
The near correspondence of Av values observed above and the frequencies 
of the SiO bancLs probably mdicate that these bands are to be attributed 
to SiOs molecule. Compare similar correspondence between SiCl and 
Si0l2 bands {Proo* Phya, Soc„ London, Vol. 60, 169, 1938). 

Further work under higher dispersion and resolution is necessaiy* 

33. Spectrum analysis of mineral contents of fruit parts. 

L. SiBAiYA, Mysore. 

Using a high frequency spark discharge of the type employed by 
Walther Gerlach and Werner Gerlach m their study of biological specimens, 
the mineral contents of certam fruits — like mangoes, ^antains, grapes, 
oranges and apples — have been mvestigated spectroscopically. It has 
been shown that the mineral content differs m different parts of the same 
fruit and the conclusion is drawn that generally the outer covering of a 
fruit is richer m calcium, magnesium, manganese and silicon. 

34. Speotrophotometric measures in the solar spectrum and 

multiplet intensities. 

A, L, Narayan, Kodaikanal. 

In continuation of the series of observations €md meeu 3 uremehts 
previously reported, the mtensity profiles of 12 strong Fraunhofer lines 
of H, Na, Mg and Oa are measured at different points of sim’s disc from 
centre to edge. The photoelectric spectrophotometer employmg direct 
current amplification, recently designed and constructed by the author 
has been used for the purpose. BVom the observed total absorptions, 
the population of atoms in the lower energy level is determined in each 
case. Attempts have also been nuMie to determine the relative intensities 
of HjS line in sunspot and in an undisturbed part of the photosphere. 
From these experimented intensities, it is deduced that the number of H 
atoms over a spot is neeuly twice as great e^ over the photosphere. 

The relative theoretical intensities of the lines of a multiplet may 
be obtained by the appheation of the sum rule of Burger and Dorielo 
which predicts for the Mg triplet the ratio of 5 : 3 : 1. The total absorption. 
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ca hs/lSMf or . NH^ according as the Doppler broadening is small 
or large. 

The present observations show conclusively that Fraunhofer multiplet 
intensities depart greatly from the square root law. Probably this dis- 
agreement is due to self -reversal interlocking and complex structure of 
the lines. 

A full description and discussion will be published later in K.O.B. 


35. Studies in flame and arc spectra of copper salts. 

Nand Lal Singh, Benares. 

The visible £Uid ultra-violet spectra of the following copper salts have 
been studied: — 

(i) The chloride, nitrate and sulphate in the D.C. 220 volt arc 
between copper electrodes, in the ordincuy Bunsen flame 
and in the blowpipe flame. 

(ii) The bromide, iodide and oxides in the Bunsen and in the blow- 
pipe flame. 

The chloride, bromide and iodide give their characteristic discrete 
band i^ctra as well as the well-known bands in the red generally attributed 
to OuO, under edl the conditions of excitation mentioned. The nitrate, 
sulphate cmd the oxides have no characteristic spectra. A notable 
feature of the flcunes spectra of the halides and of some of the other salts 
studied is the selective development of certain atomic lines of copper, e.g* 
AA 5106, 4661, 3274, 3247 A.U. in the Bunsen flame and in addition M 6782, 
6218, 2492, 2441 A.U. in the blow-pipe flame. All the substances except 
the cupric oxide show in both the fleunes a continuous band interspersed 
with narrow structure-like lines. The intensity of the bands falls in the 
blow-pipe flame compared to that in the ordinary Bimsen flame. A 
wave-number difference of about 270 cm.-*! is common among the narrow 
structure-like lines. The continuous band starts with a definite long wave 
limit A 6742 A.U. and degrades towards the shorter waves up to about 
A 6100 A.U. This band has been observed previously by Eder and Valenta 
in the flame spectra of all the copper salts investigated by them The 
characteristics of this continuous band and its probable origin in a loosely 
bound copper molecule cue particukurly discussed. 


36. The Doppler effect in the higher order Balmer lines of 
hydrogen, 

B. Dasannaohabya and C. Dakshinamueti, Benares. 

The Doppler displacement in Bedmer lines of and by Dr. Das 
have shown that it is less pronounced in than in H^. There is a higher 

limit to the energy of the positive rays above which the Doppler 
displacement remains constemt until a value is reached which is necu'ly 
double. Thereafter for higher energies the Doppler disple^^ement increases 
linearly with the velocity of the positive ray becun. The present paper 
e:^nds the studies of the limiting volt^es for the constancy of Doppler 
displacement to the H8 and He lines of hydrogen. The spectra have 
been obtained with the help of a 3-prism Steinheil spectrograph of high 
resolving power //3; the Doppler displacements are correlated with Jv 
which is proportioned to the velocity ox the particles. The part played by 
tl^ different radiant atoms having their origins to atoms, molecules, and 
triatomic hydrogen will be discussed. 
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-ST* The 33o|>pler and retrograde effects in the resonaiioe 
radiat^ of merouiy (25'36 A°). 

C. DiKSHiKAHUBm, Benares. 

The Dcnipler dieplaoement has be^ investigated in the resonance 
mdiation (25*36iA®) oi meroury between 1000-24000 volts. The Doppler 
■diapla o ement is linear between these voltages with respect to the velocity 
of the positive ray beam. But the retrograde positive rays of tins line 
show normal Doppler efi^t up to a voltage of 10000 above which it 
remaizied constant. A Hilger medium size quartz spectrograph is used 
for obtaining these spectra and the dispersion of the wave-length of the 
resonance radiation was found to be just sufficient to enable the Doppler 
displaoement to be separated clearly. It is interesting to note that the 
maximum Doppler dhplacement has to be, measured from the edge of the 
undisplaced line and not from the centre. This difference is particularly 
iiotioeable when the displacements are very small. 


Statistics 

38. Statistioid study of forty years’ annual rainfall at Patiala. 
L. D. Mahajak, Patiala. 

The data have been collected from various sources. Various curves 
showing the variation of rainfall during the last forty years with respect 
to various factors have been drawn. The tables for three-yearly» five- 
yearly, ten-yearly, and twenty-yearly mean annual rainfall, the stcmdard 
•Aviations and the coefficient of variabihty are given. 

The study of these curves and tables indicate that the mean value 
of the annual rainffill on the whole is irregularly decreasing with tune. 
The variation of rcunfall is not periodic. The range of variation (0*39 to 
92*72%) is fairly high. But the mean value of the coefficient of variability 
is only 27*67%. 

The major rainfall during a year is in the months of July and August 
due to the south-easterly monsoons, while the months of April, May, 
October and November are fairly dry. The average number of days and 
hours associated with ramfedl m a year are 43 and 256 respectively. 


Technical Physics 

39. A note on the use of a few baking shellao varniidies 
for coating graphite-on-glass high resistances in the 
laboratory. ‘ 

G. N. Bbattachabya, Banchi 

Glyptal lacquer coated high resistances made of graphite lines on 
pyvex g^ss rods have been successfully used in direct current amplifying 
-cheuits by a few workers. Similar resistances coated with a number m 
baldsg shellao varnishes have been examined by the writer of this note. 
The effect of keeping these resistances in atmospheres of dffierent humidity 
has beenatudied and their values under varying voltages have been deter- 
mined in Older to see if they conform to Ohm*s law. It has been fotmd 
as a result of this investigation that varnishes composed of shellao and 
liaseecy^ fatty aoids are generally very satisfactory for the purpose of 
doatinohase hi^ resistances to protect them ffom atmoiqiherio moistuxe. 
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40. B.C. oanduotiyity of Indian T^etable oils. 

C. S. Ghosh and S. Chaxbayabtt, Galoutta. 

This paper deals with the variation of D.O. conductivity with voltage 
and with chaigiog time for different Indian vegetable oils. The method 
used for the measurement of conductivity was that of charging a condenser 
to a known voltage and noting the current passing through the condenser. 
A direct current amplifier modified after the method of Tatel was used 
for the measurement of very feeble currents of the order of 10-^^ amp. 
The higher D.O. voltages were obtained by rectification of A.O. voltage 
with a Kenotron rectifier. The reinge of voltage used for the measure* 
ments was 2 volts to 12,000 volts per cm. For measurement of the 
•changes in conductivity, the oil under test was first subjected to the high 
D.O. voltage after being degassed and dehydrated. The condenser 
immersed in the oil was next put in the amplifier circuit with 2 volts 
impressed at its terminals. It was foimd that in each case the conductivity 
at any impressed voltage decrecuses with charging time and becomes 
almost constant after about half-cm-hour of charging. For all voltages the 
oil was charged for half-an-hour before measurements for its conductivity 
were made. It was observed that the conductivity decreases with in- 
creasing values of impressed voltckge and then becomes constant. The 
limiting value of this impressed voltc^ is different for different oils tested. 
For comparison, the conductivity of the oils was measured with an A.O. 
voltage of 60 cycles/sec. In this case there is, however, no change in 
conductivity either with change in the charging time or with increase in 
the charging voltege. 

41. Daylight illumination values at Calcutta. 

C. S. Ghosh, Calcutta, 

The seasonal and daily variations in the daylight illumination at 
Ccdcutta have been measured by the visual photometric method for a 
period of one year from October 1939 to September 1940. After elimi- 
nating the irregular veuriations due to clouds, etc., the average monthly 
values of daylight intensity have been obtained. The maximum value 
of intensity is obtained in June and the minimum during December- 
January. The average values of intensity in the morning, noon and after- 
noon in June are respectively 7,300 ft.-candles, 4,500 ft.-candles and 5,450 
ft. -candles ; the corresponding values in Deoember-January are respectively 
3,500 ft.-candles, 2,500 ft.-candles cmd 2,400 ft.-ccmdles. 

Comparing these values for Calcutta with the data available for other 
places, notably for London, it is concluded that the values of daylight 
intensity are mainly determined by the altitude of the sun, the latitude 
of the place having no direct effect except in so far as the cdtitude of the 
sun at cmy place is related with its latitude. 

Further, the appcuent irregular variations in daylight have been 
explained as due to the presence of different types of clouds and their 
positions in the sky as well as to the presence of various scattering centres 
such as dust particles, etc. 

More exact informations about the values of intensity can be obtained 
by extending the observations over a much longer period. The work 
is being continued in this laboratory. 

42. The optical hygrometer. 

L. D. Mahajan, PAtiala. 

A new apparatus has been devised ibr measurement of humidity of 
the air and oomparison of the hygroscopic propertiee of soils and powders 
inside a laboratory, which proves more sensitive than the other methods. 
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Xt oQiiiiita of n braae ciroiilAr tod about 10 oiu. long and 2 xxuxL tMck, 
Testing on two loose eorewa at its ends. Another rod of aluminium, 
8 om. long and 2 wm, thick is rigidly fitted at right angles to it in the 
centre* It has a cup of 10 mm. X 10 mm. x 2 mm. siase on its each end. 
Jiist near its mid-point, an optioal mirror is attached. A beam of light is 
thrown on this mirror and tne refieoted beam fhlls on a vertical so^e at 
a distance of about 200 cm. from it. The whole instrument is enclosed 
inside a glass box having a base perforated with holes. 

One cw is filled with a sample of soil and the other with quartz 
powder. When they are exposed to the moist air, the soil absorbs mois- 
ture while q[uartz remains tmafifected. The motion of the spot of light 
is noted wmch is proportioned to the quantity of moisture absorbed by 
the soil. Its abscuute and comparative values can be ccdoulated, and 
the humidity of air can also be known. ^ 

43. An electrical call and reply signal board for use in houses 
and offices. 


A. C. Sbhkar, Waltair. 

A new design of a signal board has been worked out so that visitors 
may ring up any person mentioned on the board. The person, who has 
thus be^ rung up, sends one or other of a set of stock replies that are 
usually employed on such occasions. The replies depend either on the 
time of the visit or on the convenience of the person wanted. 

The design is worked to ensure a minimum consumption of power. 
The mechanical and electrical details are discussed in the paper. It is 
hoped that the design will prove attractive to all busy persons for whom 
the necessity of such transference of stock messages is often felt essential.. 

44. Sensitization of Geiger point counters. 

B. Dasai^aohabya and N. Adinabayana Mubti, Benares, 

The sensitiveness of a point counter depends on the nature of the 
needle tip. What exactly should be the tip has been discussed by Geiger 
at some length m his articles on Counters m Geiger-Scheel series of books 
on Physics. The practical working of these presents several interesting 
features which will be discussed. The retention or loss of sensitivity under 
various conditions of temperature, pressure, size and nature of tips, etc., 
will be discussed. 


X-Rays and Crystal Structure 

45. Patterson Fourier summation method of determination of 
the structure of met&dinitrobenzene. 

K. Bastukti and M. Ganouly, Dacca. 

Attempts to determine the atomic arrangements in metadinitro- 
benzene by the two-dimensional Fourier summation method in which the 
signs of the structure factors have been determined by the trial and error 
method has been found to be unsuccessful. This is apparently due to 
the uncertainties in the adopted atomic structure factors of nitrogen and 
oxygen in this compound. 1^ to determine the signs by a direct method 
the interatomic vectors have been determined by the Patterson Fourier 
summation method according to the formula 

•f A{x, y) m. 2;SF»(hko)e 

hh 
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Doe to aymmetrjr of the oiystal, Bmzunation over only a quarter of the 
cell of aides «/2 and 6/2 is necessary. Lines of eqtial Patterson density 
ware dimm and the peaks thus obtained were correlated with the dififerrat 
interotoniio veotors. From those interatomic vectors the following 
X, y oooordinates of the atoms have been obtained for one molecule ; 


Atomic parameters^ 


tom 

xja 

yp> 

Cl .. 

0*146 

0*224 

c* ... 

0*237 

0*174 

Ca 

0*237 

0*076 

0* .. 

0*146 

0*026 

Ca .. 

0*066 

0*076 

Ce 

0*066 

0*174 

Ni .. 

0*146 

0*329 

Ng .. 

0*303 

0*023 

Oi, Oi' 

0*172 

0*372 

02 , 02 ' 

0*386 

0*033 


The symbols for the atoms will be clear from the structural formula of 
meta-dinitrobenzene given below. 



The positions of the atoms in the other three molecules in the unit cell 
may be obtcuned from those of the above by determining the equivalent 

positions corresponding to the speuie-group Fbnm. 

46. The secondary -^-absorption edges of iron compounds in 
solids and in solutions. 

B. B. Ray and S. Sen, Calcutta. 

The secondcury £^-absorption edges of iron in the pure metallic 
form, its oxide (Fe 208 )> some of its compounds F68(S04)89H20, 
Fe(N02)89H20, FeCl 86 H 20 , and colloidal ferric oxide and alkf in aqueous 
solutions of different streni^hs of these compounds have been photographed 
and analysed by the microphotometer. S^ndary structures of complex 
compounds of iron such as K^FeiGN)^, KaFeCON)^ have also been obtained. 
Among many of the peculiarities obrorved, the following deserve particular 
attention : 

(a) l^oiuh the primary K edge of iron shifts to iiie shorter wave- 
length side of the sp^rum as one paeses from the metallic form of the 
element to its compounds, the secondary structures of nearly all the solid 
compounds of iron show a similarity with the metal itself; the structures 
immediately near the K edge in the case of the complex compounds like 
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vaeuum speotiograph was laaed in which a oonoave gyp su m crystal was 
utilised as redeotion grating. It was observed that the spark lines of tht 
a-group suffer a shift towards short wavelength side along with the pBxeoM 
line. The r^tive intensity of the spark fines «3 and is reversed in 
their oxides oompared to tmt of element. The fi group aw suffers a shift 
due to chemical effect, but unlike the a lines the shift of the p lines fix>m 
oxides is towards the longer wavelength with respect to the lines from 
the elements. The difference between the two lines pi eund Pn — ^the line 
from the element and its oxides respectively, is found to be a constant in 
v/R scale from llNa up to the element 16S. 

It was noticed that the metallic surface of the element is very easily 
oxidised during excitation due to electron bombardment. The metallic 
spectra therefore contain also the P lines from its oxides on the long 
wavelength side which Siegbcdm denotes as^ Pi, and the metallic bands as 
Pm, The nomenclature has been interchanged to comply with experimental 
facts. 

The p lines arise due to the transition of conduction electrons and 
have a remarkably large width. The widths have been meastired in e.v. 
and compared with the previous experimental results and Sommerfeld’s 
theoretical values. The agreement is satisfactory except in the case of Hg. 

The structure of the p bcuids has been studied microphotographically. 
The metallic bands from Mg and A1 show sharp emission edge on the 
short wavelength limit corresponding to the Fermi surface of the conduction 
electrons. A remarkable chwge in the structure of the band of A1 occurs 
when the spectnun is excited by low voltage (2 K.V.). The bands from 
the non-conductors like AlO, MgO €md mica show symmetrical structure 
without showing any sharp edge. The structure of the bands from the 
alloys resembles that of pure metal in the higher concentrations while 
in the dilute solid solutions it undergoes a radical change and the sharp 
edge disappears. The structures of the bands have been discussed in the 
light of various conduction theories due to Bloch, Pierles, Brilouin and 
others. 

60. Fluorescence of organic compounds by X-rays. 

B. B. Ray, H. Bose and K. Das-Gupta, Calcutta. 

Newcomer observed that many organic substemces fluoresce when 
exposed to X-rays and attempted to find some use of it in mescal therapy. 

It has been observed in our laboratory that benzene, naphthalene, 
anthracene, phemmthrene, camphor, carbazole and several other aromatic 
compounds produce very strong fluorescence in the visible region when 
excited by X-rays. Compounds like cyclohexane, cyclopentane, etc. 
do not fluoresce. It may be mentioned here that most of the substances 
which produce fluorescence imder X-ray irradiation also develop fluo- 
rescence under ultra-violet radiation and the positions of the luminous bands 
(from X-rays) are almost the same as those excited by ultra-violet light. 
Preliminary observations on the positions and intensities of these luminous 
bands have been made by a direct vision spectroscope provided with a 
wavelength scale. 

For a detailed study, photographs of the fluorescence bands with a 
Fuess spectrograph and their microphotometer records have been taken. 
Several Dcmds separated by small dark spaces were obtained. Anthracene 
gives three bands having maxims at 5709, 5324, 4966 A.U., while 
naphthalene produces three bands, diphenyl five, fluorene six and so on. 

The positions of the bands and their intensities are found to change 
with ortho-, para- and meta-varieties of the same compound. The position 
of the band also varies with the ct cuid p variety, e.g., the bemd maxima 
of a-naphthol is 470 ]9-naphthol is 500 ftfi. 

Diphenyl and naphthalene are both formed by the union of two 
benzene nuc^i, but dipnenyl is a multinuclear compound and naphthalene 
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is a oondetiBed imolear oomTOund* It has been observed that if we give a 
shift of the order of 70 A.lJ. towards the longer wavelength side, to the 
spectra of diphenyli the three bands of diphenyl ooincide with the oorres* 
ponding spectra of naphthalene. 

The introduction of different chemical groups in the aromatic 
•compounds cmd the corresponding change in the fluorescent radiation are 
interesting. Oarbazole and fluorene are both derivates of diphenyl; in 
oarbozole we have a CNH group and in fluorene we have a OH2 group in 
the correspondii^ position. Experimental results show that, as a result 
of the introduction of ONH group in oarbazole in place of OH2 group in 
fluorene, the spectra of oarbazole shift towards higher frequencies. Changes 
in the colour of fluorescent radiation and also in the colour of the scunples 
are observed in certain compounds, e.g., naphthalene when exposed for more 
than half an hour under X-rays, the colour of fluorescent light changes to a 
colour similar to that of the fluorescent light of anthracene ; the colour of 
the sample of white naphthalene also changes to yellow. 

Of all the compounds tried by us oifly triphenyl methane exhibits 
phosphorescence imder X-rays. The substance is found to show an after- 
glow for a period of 40 seconds approximately when the X-ray radiation 
is out off. 

61. An X-ray investigation of tellurium in the solid, liquid and 
colloidal state. 


H. Bose, Calcutta. 

The X-ray diffraction method was employed to study the different 
allotropic modifications of tellurium. Precipitated tellurium, previously 
supposed to be amorphous, was found to consist of hexagonal crystals in 
a finely divided state. The effect of temperature on tellurium was also 
investigated with the result that no indication of any other crystalline 
variety of tellurium could bo detected so that it seems imreasonable to 
maintain the idea that ordinary tellurium consists of two dynamic allotropes 
in thermal equilibrium as was held previously and contended recently by 
Dcuniens. Under X-ray exposure specific heat of tellurium changes by 
as much as 8% and this was attributed to a change in crystal structure 
but no such effect could be detected in the present invest^ation. 

The usual method of preparing vitreous state was tried for tellurium 
without success ; and amorphous variety or any other variety of tellurium 
could not be prepared by any of the known methods. 

In a specially designed camera tellurium was exan^ed in the liquid 
state. Liquid tellurium produced a single band of spacing (3*1 A.U.). 

With a view to obtain informations regarding the nature of colloidal 
particles with special attention to their changes due to slow coagulation 
in ageing, tellurium sol was coagulated in different ways and coagulum 
examined by X-rays. The coagulum from a freshly prepared tellurium 
sol by nitric acid was found to be amorphous, while the diffraction pattern 
of the coagulum of aged sol pointed to the existence of a new variety of 
tellurium. 

62. Sulphuric acid at different concentrations — ^by X-ray 
diffraction method. 

H. Bose, Calcutta. 

In the present investigation. X-ray dififraction of pure acid and at 
concentrations correspondkig to the formulae H2SO4, H2O ; H2SO4, 
2H2O; H2SO4, 3H2O; H2SO4, IOH2O; H2SO4, 2OH2O, etc., was studied 
Pure sulphuric acid yi^ds two well-^firied bands (spacings 4*07 and 7*98 
A.U.) with very little general scattering thereby following the general 
behaviour of highly associated liquids, thoug^ the imier band remained 
undetected so mng. With dilution the main band dilated and at the 
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vmonxm spectrograph was used In whidi a concave gypsum crystal was 
utilized as reflection grating. It was observed that tne spark lines of tht 
a-group suffer a shift towards short wavelength side along with the paretne 
line. The relative intensity of the spark lines and 0(4 is reversed In 
their oxides compared to that of element. The fi group am suffers a shift 
due to chemical effect, but unlike the a lines the shift of the p lines from 
' oxides is towards the longer wavelength with respect to the lines fr<m 
the elonents. The difference between the two lines pi and /!« — ^the line 
from the element and its oxides respectively, is found to be a constant in 
v/R scale from llNa up to the element 16S. 

It was noticed that the metallio surface of the element is very easily 
oxidized during excitation due to electron bombardment. The metallio 
spectra therefore contain also the p Hnes from its oxides on the long 
wavelength side which Siegbcdm denotes as Pi, and the metallio bands as 
P», The nomenclature has been interchanged to comply with experimental 
facts. 

The p lines arise due to the transition of conduction electrons and 
have a remarkably large width. The widths have been measured in e.v. 
and compared with the previous experimental results and Sommerfeld’s 
theoretical values. The agreement is satisfactory except in the case of Mg. 

The structure of the p bands has been studied microphotographically. 
The metallic bands from Mg and A1 show sharp emission edge on the 
short wavelength limit corresponding to the Fermi surface of the conduction 
electrons. A remarkable change in the structure of the band of A1 occurs 
when the spectrum is excited by low voltage (2 K.V.). The bands from 
the non-conductors like AlO, MgO and mica show symmetrical structure 
without showing any sharp edge. The structure of the bands from the 
alloys resembles that of pure metal in the higher concentrations while 
in the dilute solid solutions it undergoes a radical change and the sharp 
edge disapp^rs. The structures of the bands have been discussed in the 
light of various conduction theories due to Bloch, Pierles, Brilouin and 
others. 

60. Fluorescence of organic compounds by X-rays. 

B. B. Ray, H. Bose and K. Das-Gupta, Calcutta. 

Newcomer observed that many organic substances fluoresce when 
exposed to X-rays and attempted to find some use of it in medical therapy. 

It has been observed in our laboratory that benzene, naphthalene, 
anthracene, phenanthrene, e€unphor, carbazole and several other aromatic 
compounds produce very strong fluorescence in the visible region when 
excited by X-rays. Compounds like cyclohexane, cyclopentane, etc. 
do not fluoresce. It may be mentioned here that most of the substances 
which produce fluorescence under X-ray irradiation also develop fluo- 
rescence imder ultra-violet radiation and the positions of the luminous bands 
(from X-rays) are almost the same as those excited by ultra-violet light. 
Preliminary observations on the positions emd intensities of these luminous 
bands have been made by a direct vision spectroscope provided with a 
wavelength scale. 

For a detailed study, photographs of the fluorescence bands with a 
Fuess spectrograph and their microphotometer records have been taken. 
Several bands separated by small dark spaces were obtcnned. Anthracene 
gives three bands having maxims at 5709. 5324, 4966 A.U., w^e 
naphthalene produces three bands, diphenyl five, fluorene six and so on. 

The positions of the bands and their intensities are found to change 
with ortho-, para- and meta-varieties of the same compound. The position 
of the band also varies with the a and p vmety, e.g., the bcuid maxima 
of a-naphthol is 470 jS-naphthol is 500 ftfi. 

Diphenyl and naphthalene are both formed by the union of two 
benzene nucwi, but diphenyl is a multmuclear compound and naphthatoe 
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is a <x>xidei:^s6d nuolaar <K>mpou]id. It has been observed that if we give a 
shift of the order of 70 A.tJ. towards the longer wavelength side, to the 
spectra of dijdienyh the three bands of diphenyl <x>incide with the corres- 
ponding spectra of naphthalene. 

l!lie introduction of different cheniical groups in the aromatic 
compounds and the corresponding change in the fluorescent rcMliation are 
interesting. Oarbazole cuid fluorene are both derivates of diphenyl; in 
carbosole we have a CNH group €kud in fluorene we have a CHg group in 
the oorrespondix^ position. Experimental results show that, as a result 
of the introduction of ONH group in carbazole in place of OH2 group in 
fluorene, the spectra of oarbazole shift towards higher frequencies. Changes 
in the colour of fluorescent radiation and also in the colour of the samples 
are observed in certain compounds, e.g., naphthalene whenexposed for more 
than half an hour under X-rays, the colour of fluorescent light changes to a 
colour similar to that of the fluorescent light of anthracene ; the colour of 
the sample of white naphthalene also changes to yellow. 

Of all the compounds tried by us oiUy triphenyl methane exhibits 
phosphorescence imder X-rays. The substance is found to show an after- 
glow for a period of 40 seconds approximately when the X-ray radiation 
is cut off. 

61. An X-ray investigation of tellurium in the solid, liquid and 
coUoidal state. 


H. Bose, Calcutta. 

The X-ray diffraction method was employed to study the different 
allotropic modiflcations of tellurium. Precipitated tellurium, previously 
supposed to be amorphous, was foimd to consist of hexagonal crystals in 
a flhely divided state. The effect of temperature on tellurium was also 
investigated with the result that no indication of any other crystalline 
variety of tellurium could be detected so that it seems linreasonable to 
maintain the idea that ordinary tellurium consists of two dynamic allotropes 
in thermal eqmlibrium as was held previously and contended recently by 
Damiens. Under X-ray exposure speciflc heat of tellurium changes by 
as much €is 8% and this was attributed to a change in crystal structure 
but no such effect could be detected in the present invest^ation. 

The usual method of preparing vitreous state was tried for tellurium 
without success; and amorphous variety or any other variety of tellurium 
could not be prepared by any of the known methods. 

In a specially designed camera tellurium was examined in the liquid 
state. Liquid tellurium produced a single band of spacing ( 3'1 A.U.). 

With a view to obtain informations regarding the nature of colloi^l 
particles with special attention to their changes due to slow coagulation 
in ageing, tellurium sol was coagulated in different ways and coagulum 
examined by X-rays. The coagulum from a freshly prepare<i tellurium 
sol by nitric acid was found to be amorphous, while the diffraction pattern 
of the coagulum of aged sol pointed to the existence of a new variety of 
tellurium. 

62. Sulphuric acid at diflferent concentrations — by X-ray 
djfiEraction method. 

H. Bose, Calcutta. 

In the present investigation, X-ray diffraustion of pure acid and at 
concentrations oorrespondtog to the formulae H2SO4, H2O; H2SO4, 
2H2O; H2SO4, 3H2O; H2SO4, lOHgO; H2SO4, 2OH2O, etc., was studied 
Pure sulphuric acid yields two well-deflnea bemds (spacings 4*07 and 7*98 
A.n.) with very little general scattering thereby following the general 
behaviour of highly associated li<|uids, though the inner bwd remained 
undetected so king. With dilution the main band dilated and at the 
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game time iuuleirwexi.t an inoneaae in dlfBuaeiiegg till at liigh dilution the 
familiar band of wat«r made its amaaianoe and the mainpM^ of aulphorio 
adld nearly ooinoided with the fimt hand of water (8*24 A.U.)., Oonasaarin^ 
the main peak at larger angle at any dilution, the spacing of the add wae 
found to be intennediate between those of pure sulphuric add (4*07 
A.U.) and pure Water (8*24 A.X7.)* The spadi^ undemes a violent 
chaf^ when the concentration is changed to H«S 04 , HgO and again at 
H 8 SO 4 , 20HsO« At other concentrations studiea, the spadngs remained 
nearly constant at 3*64 A.XJ. This may be taken as to indicate something 
akin to hjjrdrate-formation. Sulphuric add, it is known, ionizes in aqueous 
solution m two stages. But ypart from making the l^ds a bit difiuse, 
this was found to have little effect on the X-ray diffeaction pattern. This 
is but what can be expected, for (SO^"*), (HSO 4 *) and (HS 6 O 4 ) have 
almost the same dimension and scattering "due to is negligible. 



SECTION OF CHEMISTRY 

President :—TAjlxa. Pbasad, D.So., F.N.I. 

Inorganic Chemistry 

1. Snlphuryl iodide. 

M. B. Aswatha Nabataita Bao, Bangalore. 

Speotrosoopio investigations show that sulphuiyl iodide is produt^ 
by the action of potassium iodide on a dilute solution of sulphuryl chloride 
in carbon disulphide at — 70°0. At the laboratory temperature, the 
iodide decomposes almost immediately into sulphur dioxide and iodine 
which on coolmg do not recombine. 

2. Selenium iodide. 

M. B. Aswatha Nabaya^a Bao, Bangalore. 

The existence of selenium iodide has been a controversial subject. 
The author has shown that the compoimd is produced when a d&ute 
solution of selenium chloride in carbon tetrachloride is shaken vnth dry 
potctssium iodide. The iodide is highly unstable in presence of light and 
decomposes into selenium and iodine. The hydrolysis of selenium iodide 
by water has been investigated. Decomposition of selenium iodide has 
bron studied spectroscopically. 

3. Investigations on the chemical behaviour of sulphur 

compounds. Part III. Beaction between sulphur 

dioxide and hydrogen sulphide. 

B. Sanjiva Bao, Bangalore. 

Sulphur dioxide cmd hydrogen sulphide are known to react at the 
surface of glass, producing sulphur and water. The author has studied 
the effect of moisture, carbon tetrachloride, mercury, aluminium chloride, 
and phosphorus pentoxide on the catalytic influence exercised by the 
glass surface. The results can satisfactorily be inteipreted on the basis 
of the formiation of an activated complex of the two gases, in association 
with water. 

4. Physico-chemical investigations on Bordeaux mixture. 

Q. Nabayan and B. Sanjiva Bao, Baxigalore. 

The aqueous phase in contact with fteshly prepared Bordeaux 
mixture (5 : 5 : 50) contains 6 to 7 mg. per litre, of copper. On keeping 
the copp^ content of the solution falls and attains a steady veJue of 
0*64 mg. • 

The calcium hydroxide and calcium sulphate present in the 
supernatant liquid have a profound influence on the copper content 
of the solution. The effect on Bordeaux mixture bf the removal of the 
sulphate and of the hydroxide from the solid phase is discussed. ^ • 

Freshly precipitated copper hydroxide has been found to adsorb 
calcium hydroxide and calcium sulphate flrom a saturated solutkm 

( 41 ) 
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oontaining both these oompounds yieidisig finsdly a de^ blue solid having 
the same solubility as the Bordeaux solid. 

The oonstitution of Bordeaux mixture is discussed in the light of 
these observations. 

6. Complex oompounds of phenylbiguanide with copper and 
nickel, and their 4As-trans isomerides. 

FBrSTABAKAKJAl^ BlT and EsHITISH BAKJAir 
CgAOKRABABTY, Calcutta. 

Copper phenylbiGpianide dihydrate has been isolated in two forms — 
a and p, coloured ^nt blue and rose-red with m.p. 166** and 166**0. reap. 
The molecular weight of the anhydrous compounds determined by the 
ebuUiosoopio method indicates their monomeric nature. The hydro- 
chloride of the complex base has also been prepared in two modifications 
a and p. The a-form crystallizes with 6 H 2 O. has violet colour and mdlts 
at 170**C. The red coloured jS-form contains 3 H 2 O, melts at 216^0. and 
is much less soluble than the a-form. In presence of steam the a -variety 
changes into the /5-form at 101 ®C. In solution the jS-variety readily gives 
rise to colloidal aggregates. From a consideration of their properties 
it is assumed that a- and /5-forms are related as ds'^trans isomers corres- 
ponding to the different positions of the phenyl groups in a four 
co-ordi^ted planar structure. Other salts of the complex base, such as 
bromide, iodide, sulphate, dithionate, nitrate and nitrite have also been 
prepared in two djdBferent forms. Besides these, the preparation and 
properties of many other salts, e.g., thiocyanate, thiosulphate, sulphite, 
chlorate, bromate and iodate have been described. 

Nickel phenylbiguamde has been obtained in three forms — a, p and y. 
The brick-red a-form crystallizes with ^ mol of water and decomposes 
at 266^0. The anhydrous light yellow ]5-form decomposes at 266*^0. 
The yellow crystalline y-variety contains j mol of H 2 O and decomposes 
at 203®O. The a-form is easily soluble in alcohol or acetone, but readily 
separates out in the form of yellow y-variety. The )5-form is insoluble 
in these solvents, a and p are probably related to each other as cia^trans 
isomers like the corresponding copper compounds, y is possibly a 
mixture of the two. 

Various salts of nickel phenylbiguanide, e.g., chloride, bromide, 
iodide, nitrate, nitrite, dithionate, sulphate, sulphite, thiosulphate, 
thiocyanate, chlorate, bromate and iodate have been described. None 
of these salts have, however, been obtamed in two modifications. 

6. Goordmated nickel compounds with benzidine. 

Kawai liAL Mandal, Calcutta. 

Nickelous salts such as nickel sulphate form with benzidine chelate 
compounds, in which two molecules of benzidine combine with a molecule 
of the mckel salt. The cis-benzidme nickel compounds are insoluble in 
water but dissolve somewhat in alcohol. They appear to be co-ordinately 
saturated. For though they dissolve in pyridine, piperidine and other 
organic amines, they do not take up further addenda of co-ordination. 
Only the original nickel benzidine compounds precipitate out on edition 
of water to their amine solutions. 

7. On the fomuation of complex silicate ions. 

R. C. Ray, P, B. Ganguly, and A. B. Lall, Patna. 

W. L. Bragg (Trans. Faraday iSoo„ 1920, 25, 291) has shown that 
the structure of the silicates m)i^ ) 3 e regarded as based in all cases on the 
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formation of oo-ordination lattices of large anions about snudl cations. 
•Goldsohmidt (Ber., 1927, 60, 1263) has shown that the co-ordination 
number of a cation in such a structure is governed solely by the relative 
radii of the central cation and the surrounding anions. the chemical 

point of view the anion of the whole lattice wiU be an. assembly of oxygen 
ions with the silicon ions co-ordinated between them, so that in the 
formation of the silicates the following possible types arise : — 

Si 04 **; Si 207 *^“" ; Si 802 *“ ; SieOig^*"; SiOs*"” * SuOii*” and SigOg*"*. 

The present work was undertaken to obtain, if possible, direct e'lddence 
of the formation of these complex ions and the rates of diffusion of the 
sodium silicate solutions having the ratio of SiOg : NagO as 2 : 1 and 3 : 1 
have been studied. Some evidence of the formation of complex silicate 
ions has been obtained. It has also been found that the hydroxyl ions 
diffuse at a rate which is quite different from the rate of di&ision of the 

silicate ions, so that the OH"” ions do not seem to enter into the composition 
of the complex. 

Further work with silicate solutions of different ratio is in progress. 


8. A study of the complexes of HgCl 2 with KI in aqueous 
system. 

S. S. JosHi, D. N. SoLANKi, and B. 6. Joshi, Benares. 

A study of the complexes of mercuric chloride with potassium 
iodide in aqueous system has been made, at temperatures 15° and 30°0*, 
by conductivity, viscosity and refractivity measurements. The mixed 
systems studied consisted of varying proportions of mercuric chloride 

^ /M M\ 

in the presence of fixed concentration of KI f ^ and The maximum 

concentration of HgClg added was such as to avoid the actual precipitation 
of Hgig. Specific conductivities of the mixed systems and constituent 
solutions were separately detennined. Viscosity and refractivity 
measurements of these mixed solutions were also made at the specified 
temperatures. The minima in specific conductivity-, maxima in viscosity-, 
and minima in refractivity -composition curves, were taken as indicative 
of complex-formation, and the composition of the complex formed being 
noted from the composition corresponding to the position of minima or 
maxima in the respective curves. All measurements lead to the existence 
of a complex of KI and HgClg in the molecular porportion, lOKI, HgOlg 
at 30° and 20KI, 3HgCl2 at 15°. Our data also show an indication 
of another break in the respective curves corresponding to a point in the 
vicinity of maximum concentration of HgClg tried, roughly corresponding 
to a formula, 4-6 KI, Hg0l2. The bre^s in the respective curves are 
sharp and well defined, especially in concentrated solution and at low 
temperatures thus showing that the complexes formed in the aqueous 
system dissociato at high temperature emd dilution. 


9. New compounds of gallium : Part IV. Double sulphates 
of gallium and primary, secondary, tertiary amines and 
quaternary ammonium bases. 

P. Nbooi and Kaxtai Lai. Manual, Calcutta. 

Several double sulphates of gallium and primary, secondary, and 
tertiary amines and tetramethyl ammonium hydroxide have been 
prepaid. 
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10. Decomposition of mixtures of oaloitim diromate witk 
mAgnesium oxide. 

D. S, Datab and 8. K. K. Jatkab, Bangalore. 

The miztiuree of two znolB of calcium ohtomate with cfne mol of 
magnaaimn oxide decomposed with the initial forxnation of a basic 
chromate, in successive stages at 25, 83*3, 40 and 50% decomposition 
of the chromate. 

The decomposition of mixtures of strontium chromate with magnesium 
oxide indicated formation of the bcksic chromate 8 SrO, 4MgO, SOrOs. 


11. Thermal decomposition of nitrites.x 

M. S. Shah and K. M. Mbhta, Ahmedabad. 

With a view to elucidate the mechanism of the decomposition of 
nitrites in general, the authors have carried out a detailed quantitative 
study of (A) the thermal decomposition of (i) potassium nitrite and (ii) 
silver nitrite, (B) the effect of nitrogen dioxide on (i) pota^ium nitrite 
and (ii) silver nitrite, silver oxide and silver, and ( 0 ) the effect of nitric 
oxide on (i) potassium nitrite and potassium nitrate and (ii) silver nitrite, 
silver nitrate, silver oxide and silver. 

lixperiments were conducted (a) at various temperatures, ( 6 ) for 
different periods of time, and (c) with varying amounts of the substance. 

A mechanism of the reactions has been put forward. It shows that 
the decomposition of potassium nitrite leads to the production of 
KtO, KNO 3 , NO 2 (in traces), NO and N 2 , while the decomposition of 
silver nitrite proceeds giving rise to AgNOg, Ag, NO 2 (in traces), NO and 
Ng (in traces). The differences observed in the pr^ucts of the two 
decompositions is due to the difference in the stabihty of KgO and AggO 
towards nitric oxide. 


12. On ^Precipitation’ hardnesB of some coinage alloys. 

G. C. Mitteb and B. K. Bose, Bombay. 

Ck>i]iage alloys of gold, silver and nickel with copper were studied 
with a view to elucidate their structures and correlate them to their 
properties. Slowly cooled alloys of the above descriptions revealed a 
coarse lamellar structure similar to pearlite in steel due to the progressive 
separation of the less soluble element at lower temperatures from the 
a-solid solution. This structure was not conducive to cold work. But 
when annealed at high temTOrature so as to obtain the a-solid and quenched 
rapidly in cold water, resolution was arrested and a super-satiuat^ a-solid 
solution was obtaix^. Associated with this structure was the property 
of extren^ malleability and had obvious advantages for skilful fabrication.- 
With suitable heat treatment and subsequent quenching of this super 
saturated a-solid solution, a wide range intermediate hardness was 
obtained suitable for different types of work. 


13. Action of charcoal on potassium nitrate. 

T. M. OzA and M. S. Shah, Ahmedabad. 

With a view to throw light on the reakctions taking place during 
the oombusrion of gunpowder, the action of charcoal on potassium nitrate- 
has been studied in detail. Series of experiments were conducted with 
(A) charcoal and potassium nitrate, (B) charcoal and potassium nitrite, 
and (C) charcoal and mixtures of potassium nitrate and potassium 
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tinder varying oonditions of temperature, pressure, time, mass 
of the reactant, etc., and analyssmg the solid and gaseous products at the 
end of each experiment. 

Experiments in (A) showed that the reaction at about 260*’ 
leads to the production of potassium nitrite and carbon dioxide. With 
rise in temperature, this process is accelerated and the nitrite interacts 
with more charcoal until at 390^ a violet reaction ensues accompanied 
in certain circumstances by a dash. A quantitative study of the effect 
on dash production of accumulated gaseous products or alternatively of 
removing these gases either partially or completely showed that at the 
dash stage, nitrog^ and carbon dioxide are produced in equal volumes, 
a proportion which correiqKDnds with the reaction of charcoal with 
molecular proportions of potassium nitrate and nitrite. 

Experiments in (B) showed that the reaction which occurs at about 
390^ is always violent and comes to an end without the production of a 
da^, the main products of the reaction being potassium carbonate, 
nitrogen and carbon dioxide. 

Experiments in (C) showed that the production of a dash is accelerated 
by increasing the amount bf the nitrite and when the two scdts are in 
molecular proportions the dash is likely to be observed instantaneously. 
At this stage, the reetcting mixture evolves nitrogen and carbon dioxi^ 
in equimolecular proportions. During the violent stage of the interaction 
some carbon monoxide which is likely to be formed would react with 
oxygen or nitrogen dioxide producing the dash. 

The probable mechanism of tl^ (I) initial, (11) smooth, and (DI) 
violent stages of the interaction between charcoal and potassium nitrate 
has been suggested. 


Physical Chemistry 

14. Apparent molal volume of electrolytic mixtures in aqueous 
solutions. 

A. S. CHAoaA.yABTT and B. Prasad, Cuttack. 

Bedlich and Bdsenfeld showed on theoretical considerations that 
apparent molal volume ( 4 ) of electrolytes in solution should be a linear 
function of the square root of concentration (c). They also showed that 
in the equation 4 ~ 4 o+Wo should be dependent on the valence 
type of the salt only. A l^ge number of workers have thrown doubts 
on the linearity at very low concentrations. It has also been dednitely 
shown that is not the same for the various salts of the same valence 
type. However, there is no doubt that 4 is linear with a/c at concentration 
above 0-01 molal. 

It was considered worthwhile to examine the behaviour of mixtures 
of electrolytes whose total concentration (c) was greater than 0*01 molaL 
The apparent molal volume is calculated from the usual formula 

1000(p~p^j) 

9 as — — • ■' '■ 9 

^ Po V 

the molecular weight of the mixture of electrolytes being taken to be 
. It is found that if c, : 02 is kept constant, i.e. if the 

c, i.e. (Ci- 1 -C 2 ) 

average molecular weight is not changed Bedlioh-KdsenfeM Law is 
obeyed by mixtures of electrolytes cdso. The c han ge of 4 with change 
in ratio of and Cf is regular. In fact 4 Is a linear function of firaotional 


molal concentration, Le. 
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16 . Kinetics of reAotions in heterogeneous systems. "Baxt VU*. 
lAquid-liqaid systems. 

D. D. Kaby]^ and K. K. Dohi, Poona. 

The inBiienoa of oonoentrated solutions of neutral eleotrolytes like 
sodium sulphate on the velocity of hydrolysis of acid chlorides in liquid- 
liquid systems is that of retardation which is attributed to the change 
in the adsorption process at the surfhce of contact. Addition of the 
electrolyte causes a diminution in the concentration of the acid chloride 
adsorb^ at the surface of the non-aqueous phase and an morease in the 
temperature coefficient of the reactions. The iucreased temperature 
co€»fficient does not exceed the temperature^ coefficient of the chemical 
process. There is no increase in the temperature coefficient of those 
reactions in which the diffusion process has no influence on the rate of 
reaction. 

16. Studies in the kinetics of consecutive reactions : hydrolysis 

of nitriles. 

D. D. KABVij and M. G. Pubandabb, Poona. 

The velocity of hydrolysis of acetonitrile, propionitrile and 
butyronitrile by aqueous sulphuric acid of 20 N strength h^ been studied 
at different temperatures between 60® euid 90®. It is observed, that 
propionitrile is hydrolyzed more rapidly than acetonitrile under the 
same conditions. The temperature coefficients of the reaction vary to a 
certain extent with temperature and there are also small differences between 
the coefficients for different mtrdes at the same temperatures. 

17. Velocity of hydrolysis of aiiilides by acids. 

D. D. KABvii and P. V. Chaudhabi, Poona. 

It has been observed that the hydrolysis of acetanilide and pro- 
pionaniUde dissolved m 60% alcohol by aqueous sulphuric acid is a 
reaction which can be fairly well represented as a monomolecular reaction. 
The former gives constcmt values for K while in the case of propiononilide 
the values at first increase and later decrease to a certain extent. Other 
anilides are being investigated. 

18. Deformation of polar crystals in glass systems. 

Stjbodh Kumab Majui^dab and Asbbm Kitmab Sabma, 

Calcutta. 

An attempt has been made to measure the deformation produced 
in such polar crystals as LiCl, NaCl, KOI, RbCl and CsCl when dissolved 
in B 2 O 3 -glass. The effect of concentration on the deformation has also 
been studied. Isotropic glasses of B 2 O 3 containing varymg amounts of 
the salts were prepar^ by melting the substances, previously dehydrated 
as far as possible, m an electric furnace at a temperature of about *1000®C. 
and allowing the melt to cool slowly. The alkali chloride content was 
estimated by the sulphate method. The density was determined by 
a slightly modified ffototion method, previously employed by Wulff and 
Majum^r (Z.f, phyaikaliache Chemie, 1936, B, 31, 319). The refractive 
indi^ of the glasm in D-light was determined by suspending them in a 
liquid mixture of approximately the same refraction. On varying the 
proportion of the liquids and exesthtflng the Becke-effect two mixtures 
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wev 6 obtained, one in whioh the Beoke-lines just penetrated into the 
glcMs apd the oth^, in which the lines just receded, when the microscope 
objective was raised. The liquid mi^ures were then examined in a 
Piufrich refractometer and the mean value of the refractive index was 
taken. Generally, the two values showed a variation in the fourth place 
of decimals, which for solids may be regarded as satisfactory. The 
mole-refraction was first calculate from the well-known Lorenz and 
Lorentz formula and then from the additive formula. Any deviation from 
the additivity relation would point to deformation of the particular 
copstituent. 

The experimental results show that the polar crystals axe qtdte strongly 
deformed in B 2 O 3 -glass and the deformation follows the scune approximate 
order as in strong aqueous solutions of these salts (Fajans cmd his co- 
workers). The results therefore go strongly against the researches of 
Biltz and co-workers and seem to support the recent work of Korde. 
The well-known Fajans-deformation nfie holds good qualitative in 
glass systems as well, and the following inequality 

Li>Na>K>Rb>Cs 

is found to be true, in keeping with the assumptions of the Fajans’ 
Theory. 

19. Absorption spectrum of violit, an open-chain analogue of 
murexide. 

D. D. Karv^; and K. K. Dol 6 , Poona. 

A compound was obtained by Karv 6 (J* Unw. Bom,, 1931, 1, part 2, 
48) by the action of ammonia on a mixture of mesoxalic and tartronic 
esters to which he had assigned the following structure 


H„N . OC 


\ / \ 

C = N-C NH, 

^ ^CONHa 


and named it violit on account of its deep violet colour. In chemical 
behaviour this compound resembles murexide, which has also a similar 
structure containing alternate single and double bonds and is deeply 
coloured. It has been observed that their absorption spectra are similar 
in general shaxie, although there are minor differences in the width of the 
band and the position of the head. 

20. Investigation of photochemical after-effect. Part III. 
Decomposition of hydrogen peroxide by sodium nitro- 
prusside. 

Buan Bbhabi Lal, Lucknow. 

Further experimental observations on the photochemical after- 
effect in the decomposition of hydrogen peroxide by sodium nitroprusside 
in visible light have been made. The chemical mechanism of the after^ 
effect has been pictured as follows: — 

Li^t 


Na2Fe(CN)5NO-fHaO 


Na*F^(CN)6H20+N0, 
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Sodhim aquopmtaoyaiKvferrate wbme formation is dmnoiwtrated oon- 
tinues its oatalytic inflneiiioe in ti>e dark. When potaaaiiim femeyanide 
i« a^kled to an iUnminated solntion of nitropmsside in the daric^ the 
following reaction takes places: — 

Fe(ON)eH.O-'+Fe(CN)s^^ ► Fe(CN)5H*O-'^+Fe{0N)/". 

Sodium aquopentacyanoferrite causes the rapid decomposition of 
hydrogen peroxide, thus accounting for a higher vcuue of the unimoleoular 
constant in the piesaoce of potassium ferrooyanide in the pre-illuminated 
mixture of hydrogen peroxide and nitroprusedde in the dark. 

A crucial tei^ of the ^idity of the suggested scheme for the after- 
reaction is provided by the influenoe of cyanide ions. The latter have 
been shown to suppress the after-effect by' converting the aquoferrite 
to ferrooyanide, 

Fe(CK)5HaO-"+CN' ► FeCOlOe^^+HaO. 

Sodium aquopentacyanoferrate prepared in the pure state and 
added to hydrogen peroxide nitroprusside mixtures in the dark in the 
presence and absence of ferrooyanide has been shown to reproduce the 
results obtained by illumination. The effect of variation in the oon-^ 
oentrations of nitroprusside, ferrocyanide, and aquoferrate has been 
investigated and explained. 


21. PhotCNsiensitization by cadmium oxide. 

Q. Gopaia Rao, Waltair. 

Cadmium oxide has been found to be a good photosensitizer for (1) 
the decomposition of silver nitrate in aqueous solution, (2) the deooloiiza- 
tion of dyes, (3) the formation of hydrogen peroxide, and (4) the oxidation 
of ammonia. Experimental results are given. 


22. Raman effect of cresyl-methyl and cresyl-ethyl ethers. 

N. S. Kbishnaswami and S. K. K. Jateab, Bangalore. 

The light scattering of o-, m- and p- cresyl-methyl and cresyl-ethyl 
ethers has been studied with a view to explain the difference in their 
chemical reactions. 


23. Thermal conductivity , of active nitrogen. 

S. S. JosHi and A. Fxtbitshottam, Benares. 

This has been studied by the ^cooling thermometer’ method by an 
aoourate determination of the time-rate for the temperature fall for 
several temperature intervals in the range 40 to 90® in streams of well- 
dried air, nitrogen and active nitrog^, which were streamed at various 
pressures in the range 5 to 60 mm. Hg., the rates of flow being varied up 
to over 40 fold. The pressure-conductivity curves for any of the alM>ve 
gases in the range of conditions mention^ showed three fairly distinct 
sections. At small pressures the conductivity increased rapidly with the 
gas pressure; it was sensibly independent of the pressure for medium 
values of the latter; increased with pressure in the last stage whm pressures 
were large. During the flrst and second gections, where the oonditions 
are compmtivdy sumler in respect of the mechanism of heat conduction 
in gases, it has been found that active nitrogen shows a definite!^ higher 
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-cemd i ictliVity for bent than ordinary nitrogen tmder identical oonditione* 
This is perbaps dedudlde &om the Wiedemann -SVans law since Kayleteh 
has foiiM that the electrical oondnotivity of active nitrogen is xnarkeSy 
high. Our results are in agreement with the hypothesis that active 
nitrogen consists of a mixture of ‘activated* molecules and atomic nitrogen 
(qf., Langmuir, J. Amer. Ohe/in, 8oe„ 1912, 34, 860; Senftlehen and co- 
workm, Zeit,, 1030, 31, 822, 961; Ann. der. Phya., 1933, 16, 907). 
At high pressures the conductivity of active nitrogen has been found 
^ be Tower than that of ordincuy nitrogen; this has been traced, in part, 
to a number of extraneous cdrcumstances which mark the main phenomenon 
such as the convection currents, the sensibly exothermic deactivation of 
active nitrogen at high pressures, etc. 


24. Studies of luminescence due to active nitrogen. 

S. S. JosHi, K. Lakshmana Mtjbty, and M. S. Debe:shitulu, 

Benares. 

As a preliminary to an exhaustive spectroscopic examination of the 
luminescences, induced by leading active nitrogen over different types of 
chemical compounds, data have been accumulated in respect of about 
460 inorganic and 200 organic substances exposed to active nitrogen. T^e 
stream of the glowing gas was allowed to play over a small copper spoon 
containing the material to be examined. The glows, which were too 
feeble to be noticed by this arrangement, were rendered brighter by 
exposing a One film of the material freshly produced by evaporating its 
solution repeatedly on a plane glass receptacle. The liquids were 
examined by introducing at the appropriate stage in the evacuated system 
a blob of glass wool charged with the liquid. 

These light effects, even on a mere visual examination, were found 
to be extremely diverse and characteristic of the specific material 
examined. Thus for instance, except those of ammonium and strontium, 
practically all the bromides examined did not show any characteristic 
luminescence. The silicates, hydroxides, arsenates, arsenites, chlorates, 
perchlorates, sulphides, carbonates, borates and tartrates of sodium and 
potassium glowed. Their permanganates, chromates and iodates are 
mactive. It is remarkable, however, that while sodium chloride glows, 
the corresponding potassium salt does not. 

The sulphates of alkaline earth metals, of lead and copper glow but 
not their persulphates. All halides of the alkaline earths (except perhaps 
those of beryllium), their carbonates and oxides glow. The borates of 
the earths do not glow; those of the alkali metals showed strong 

luminescence. The glows were normal in the case of phosphates of 
strontium, barium, ammonium and lead. That of cadmium wolframate 
is brilliant. Lithium carbonate comes next. 

Practically all the Baits examined hitherto in the case of tin, bismuth, 
antimony, nickel, manganese, cobalt, chromium, iron (except ferrous 
phosphate) and mercury (except mercurous chloridie) do not glow. 

Tin previous experiments in these laboratories the utilizability of 
iodine as a sensitive detector of active nitrogen has been reported alreMy. 
The colour of the entire after-glow in the observation tube contcuning the 
smffP iodine receptacle changes to blue eJmost immediately after the active 
nitrogen is admitted. This has been traced to the presence of iodine 
vapotzr in the observation chamber. That simple submnation is not ^e 
sole factor is indicate by the fact that the znigration of the iodine vapour 
is sensibly less in absence of active nitrogen. » 

Calcium sulphate glow, when examined over a plane glass film, showed 
<a marked heterogeneity in the distribution of the intensity. 

Amongst organic substances fiuoranthene cluysen, indol, staroh, 
carbevole, sodium benzoate, nephthalene-Bulphonio acid and j3*m0tbyi 

4 
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•ntlixmoene showed a pronoimoed lumizieBoenoe. Naphthalene, diphenyU 
nkea, dextrin, fumario acid, oic|dio acid, aniline brown, eosin, yeast, etc., 
are inactive. In organic compounds the colour of the luminescence 
depends more on the nature of the exposed material than in the case of 
inorgamo substances. Tbm for example oarbasole £^wed light pink^ 
phenanthrenquinone brownish red, and indole pale yellow. A majority 
of the bromo- and ohloro -compounds were found to be inactive. 

26. Vapoxir pressuiea of hydrochlorio acid in benzene and 
aolutions of phenolic ethers in benzene. 

N. L. Phainieab, S. P. Walwbkab, and B. V. Bhibe, Poona, 

The method of Saylor (J.A.CJ3., 1937, 1712) for determining the 
vapour pressures of hydrogen chloride in benzene, has been momfied. 
In the modified appeuratus equilibrium between vapour and the solution 
is rapidly attained and a determination does not take more than an hour. 
Vapour pressures of hydrogen chloride in benzene have been determined at 
25°. T& results are in agreement with those of O'Brien, Kenny and 
Luerdber (J'.A.CwS.. 1939, 2504) and Wynne-Jones 1930, 1064). 

Vapour pressures of hydrogen chloride in solutions of anisole, 
hydroquinone dimethyl ether and para-nitro-anisole in benzene have been 
detemuned for various concentrations. A marked depression in the 
vapour pressures is observed in the case of anisole, but there is no indica- 
tion of an addition compound being formed. In the case of the other 
two ethers the vapour pressures are unchanged. 

26. Magnetism and molecular structure. 

Mata Prasad and S. S. Dhabmatti, Bombay. 

In continuation with our previous work organo-metallio compounds 
of Se, Te, and S have been investigated. It has been foimd that ionic 
values calcxilated according to Slater’s and Angus’s method together with 
Pascal’s data give susceptibility values which are more in agreement with 
the experimental values than those in the case of inorganic compounds. 
The substances investigated so far are of the type (CHs) 2 TeIs and 
(OH8)aTeCl8. 


27. Magnetic susceptibility of baxium ion. 

Mata Prasad, S. S. Dhabmatti, and C. B. Kahekab, Bombay. 

The ionic susceptibility of barium ion has been calculated in its natural 
valency state according to Slater’s and Angus’s method. The value 
according to Slater’s method is ~33«3 X 10“® and that by Angus’s method 
is The value for the ionic susceptibility of barium ion 

given in the International Critical Tables is >-38*2x10"*^. In order to 
examine this large discrejianoy, the susceptibilities of several pure barimn 
compounds were measured and the ionic susceptibility of barium ion 
WM calculated therefrom. The observed results are in oetter agreement 
with the values calculated 6llOm Slater’s and Angus’s formulae. 

28. Molecular orientationB in crystals of dipbenyl-disulphide 

and diphenylene-disulphide. 

JFaodish Shankar, Agra. 

crystals of dlcl^ppyl-disulphide and diphenylene-disulphide have 
been examined by the rotating crystal method by Jagdish, Prasad, 
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and Feeraioheinad {/J. Indian Ohem. Soe., 1037. 14, 184), Bgartner, Halla. 
and S«shaoheri (Zeit. /. phy«. Ohem., 1932, 18, Abt. B, 2-3, p. 180,) and 
R. Wood {Nature, 1038, 142, 257,). In the present investigation the- 
magnetic anisotropies of the two crystals have been measured by the 
method of Kii shn a n . The principal gram molecular susceptibilities (10**) 
calculated from, the above for the two (ny stals are as follows : — 

Diphenyl-disulphide .. « -182-7, Xb = x#* -112-5 

Diphenylene^disulphide .. — 118'4» x« * — 161'4, x “ — 108*2^ 

^ - 70 ®. 

The orientotions of the molecular planes calculated from the above 
show that in diphenyl-disulphide the molecular planes are equally inclined 
to the a and the b axes and are inclined to the c axis at aix>ut 02**. In 
the case of diphenylene disulphide the above results show that the planes 
of the two benzene nuclei are inclined at about 140®, the line joining the* 
two sulphur atoms is inclined at about 30® to the h axis and the general 
direction of the molecule makes an angle of about 40® with the a axis. 

29. Crystalline structure of jp-azotoluene. 

Jagdish Shanka r , Agra. 

The crystals of p-azotoluene belong to the monodinic prismatic class 
and space group 0^2^ with two molecules per unit cell. The relative 
intensities of X-ray reflections from some of the prism and the axial 
planes have been measured and the structure determined by the trial 
and error method. The orientations of the molecule in the coll are defined 
by the angles 

e = 26®, = 10®, 0 « 0® 

where $ is the angle through which the molecule, initially placed with its 
plane parallel to the (010) mce with the length along the a axis, is rotated 
about the c axis, 4> the angle through which it is rotated about the a axis, 
and 0 the angle by which it is rotated about the b axis. The above 
results are support^ by the magnetic anisotropy measurements which 
have also been made on the crystals. 

30. The influence of nitrogen peroxide on the spontaneoua 

ignition of mixture of di-ethyl ether with oxygen. 

G. P. Kane and M. G. Pandit, Bombay. 

Previous investigation has shown that at temperatures between 
200® and 400® imder circumstances involving a two-stage spontaneous 
ignition of simple para&i hydrocarbons such as propane, the effect of 
NO 2 addition is of a composite nature, consisting in a simultaneous 
inhibition of the reactions leading to cool flames and a promotion of the 
direct oxidation of the hydrocarbon. A similar result has been obtained 
with acetaldehyde, the inhibition of the cool flame reaction being the 
greatest observed so far. 

This paper describes the results of experiments with di-ethyl ether- 
oxygen media with regard to the influence of NOg additions, on (1) the 
lower pressure limits of propagation of spontaneously ignited cool flame 
and true ignitions emd (2) on the time lag prior to the Initiation of cool 
flame and true ignitions. , 

It was found that NO 2 additions up to 6 per cent had no appreciable 
effect on the low pressure limits for cool flames, while at a constant 
pressure of the combustible mixture, time 1^ generally increased 
continuously with NOg additions, indi c ating an inhibition of the reactions 
leading to cool ^mes. 
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For true ignitions, tho low pressure limit decreased with an inorease 
in the KOf content up to droa 8*5 per cent, while it increased steadily 
with greater NOt additions. At constant pressure of the combustible 
mixture, however, the time lag prior to igzikion increased continuously 
with KOf additions. 

The bearing of these results on the mechanism of combustion of 
hydrocarbons and allied fuels is described briefly. 

31. Interaction of hydrogen and nitrous oxide under silent 
electrical discharge. 

S. S. JosHi and G. S. BssnMUKH, Benares. 

Studies of this reaction which have been in progress for a considerable 
time in these laboratories have shown that the mechanism of the change 
is not only very much more complex when produced under the discharge, 
compared with the thermal and photochemical reactions (Hizishelwo^, 
Proc. Roy. Soc., 1924, A, 106 , 202-298), Melville {Proc. Roy. 8oe., 1933, A, 
142 , 524-^), Dixon {J. Amer. Chem. Soe., 1936, 57 , 818-821), Cassel 
and duckaub {Z. physikal. Chem., B, 1932, 19 , 47-62) and MacDonald 
<J. Amer. Chem. 8oc., 1928, 1-14). While H 2 O and Ng are presumably 
the sole products in the thermal reaction, the discharge reaction yields 
besides undecomposed nitrous oxide, nitric oxide, nitrogen peroxide, 
ozone, water, hydrogen, nitrogen pentoxide and nitrogen trioxide in 
proportions, which depend not so much on the electrical factors such as 
the applied potential, the frequency and the magnitude of the secondary 
current, the energy dissipated in the reaction space, as the gas pressure, 
the mutual proportions of the two components and especially the stage 
of the decomposition produced at a given potential. 

Results are simplest when hy<&ogen ia present in a preponderating 
excess. This has b^n studied in considerable detail in the pressure 
range 170 to 463 mm. Hg at a flxed potential of 3,200 volts (r.m.s.). The 
pressure diminishes during the course of the reaction. Its rate is small 
during (a) the beginning; increases very appreciably during (6) the second 
stage; i^ds to 1 m constant during ( 0 ) the last stage. The corresponding 
discharge current shows a rapid diminution during (a); it tends to be 
constant or rise during (b) and (c) with fluctuations towards the end. 
The duration of the recKstion at a &ed applied potential increases from 
about 45 to 850 minutes as the initial pressure is varied between the values 
inentioned above. 

Results of a series of experiments made with approximately equal 
proportions of nitrous oxide and hydrogen show, that during (a), iMth 
the pressure emd current inorease, and that this is slower greater the 
initi^ pressure ; during the next stages (6) and (c), both pressure and current 
diminish with time. After (c), however, ineteetd of a steady stcUe being 
reached the pressure rises, reaches a rrwammm and then d/mtirnshes to a 
minimum to rise once more, through a series of 'pressure reversals' which 
persist for a long period (they were actually observed in one case for 
1,200 minutes, the time corresponding to o-f b+c being about 150 minutes). 
It wras remarkable to observe that the correspondi^ discharge current 
ahows synchrorwus 'reversals', the current being at the minimum wh^ the 
pressure also was minimum and vice versa. 

This is not a merely periodic fluctuation in the rate of the pressure 
•change, as might come al^ut by a like change in the applied potential 
but a reversal in the sense or the directum of the reaction, as shown by a 
periodic diminution and rise of pressure. Detailed results have b^n 
obtained for the influence of temperature in the remge 7 to 60^0. on the 
occurrence of these reversals. 

At high j^ressures the reaction was fo\md to be uncontrollably fast 
after a bi^ initial stage; its duration is almost hyperbolicaUy rioted 
with the magnitude of the initial pressure. 
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At still higher proportions of nitrous oxide practically all the above 
phenomena are observable with the rather significant difference that the 
nrsMure reverwl do not continue almost indeSoitely as in previous oases, 
but that their amplitudes diminish as in a succession of oamped oscilla* 
tions. This remark applies fully to the corresponding synchronous varia- 
tions of the current. 

32. Interaction of phosphorus with nitrous-oxide under tho 

electrical discharge. 

S. S. JosHi anA Y. D. Kane, Benares. 

This reaction has been studied in electrical discharges due to 
alternating potentials which were varied in the range 2,000 to 9,000 volts 
(r jn.s.) at a frequency of 50 and 500 cycles per second of the A.C. supply. 
The annular sx>ace of the Siemens* tube was coated with a film of phosphorus. 
The gas pressure was varied in the range 110 to 150 mm. Hg. Under 
exposure to discharge the pressure diminishes first rapidly and then 
slowly, practically to zero, at the end of the reaction. The time variation 
of the current shows a remarkably synchronous parallelism with the 
above-mentioned sections on the pressure-time curves. The current 
rises rapidly during the first phase and slowly subsequently; during this 
phase the pressure diminution is also slow. This is by far the longest 
stage and almost completely accounts for the entire duration of the 
rea^ion; the last stage which is very brief involving the loss of the residual 
3-4 mm. of the gas, produces a very sudden and enormous diminution 
(about 4-6 fold) in the discharge current. 

This pressure diminution has been traced to the absorption by 
phosphorus of both oxygen and nitrogen produced by the decomposition 
of NgO. Biteresting results have been obtained on the absorption, under 
electrical discharge, of nitrogen at moderate pressures. Production of a 
nitride of phosphorus has been definitely established in all these 
experiments. 

It was found that the threshold potential for the decomposition of 
nitrous oxide under electrical discharge was defined much less sharply 
when produced in contact with phosphorus film than in the corres- 
ponding homogeneous change. Data of -further experiments for thi'^ and 
similar discharge reactions studied in these laboratories show that the 
above result is general. 

Nitric oxide, nitrogen and imdecomposed nitrous oxide have been 
observed to be amongst the initial products of decomposition. Nitrogen 
and oxygen occur after about 3 per cent of the total time for the reaction. 
A theory has been proposed for the mechanism of the change imder the* 
discharge. 

33. The interaction of sulphur and nitrogen under electrical 

discharge. 

S. S. JosHi and Sadanand Sibsieab, Benares. 

Sulphur deposited (as a thin film from carbon disulphide solutions) 
on the inside wiuls of the annular space of a Siemens’ ozonizer was exposed 
to electrical discharges at low pressures of nitrogen, varied in the range, 
25 to 150 mm. Hg at 50 cycles per second and about 11,000 volts (rm.B.).^ 
A progressive diminution of the pressure (the rate being high during the 
initial stages) was produced. At lug^ initial pressures the pressure was 
reduced almost to zero at the minimum, which took alx>ut 8 hours of 
continuous exposure to the discharge. ' Curiously enougl^ it was found 
that on a continuation of the discharge after the attainment of this 
minimum, the gas pressure increased slowly but sensibly. It took, for 
instenoe, about 5 hours of exposure ihe rndnimum to r^roduoe about 
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0*75 per oent of the gas preesure, which was introduced at the commence- 
ment of the reaction. It was very interesting to observe that the 
corresponding discharge current diminished to a m i nimum and ^owed 
a subsequent rise fairly concurrently with the above pressure variations. 
The rate of the reaction at a given applied potential and frequency, as 
judged by the significant pressure cha^^, on both sides of the minima, 
becomes greater the smaller the initial gas pressure; the corresponding 
recovery^ to the initial pressure is also more complete. 

The presence of sulphur nitride produced under discharge under the 
above conditions has been definitely established and accounts for a 
substantial part of the pressure reduction. Presumably, a portion of this 
sulphur nitride decomposes during the stage after the minimum on the 
pressure-time and current-time curve, which would explain the observed 
pressure reversal. 

The spectral appearance of the glow was' markedly different before 
and after the ‘reversal*. The rise of the current and of the pressure 
after it, is rapid in the beginning; they then gradually slow down into a 
atationary state. Once this last stage is attained (unlike that during the pre- 
reversal stage) farther continuation of the discharge even for large periods 
of time has no influence on the constancy of the pressure and the discharge 
•current. 

34. An ‘ageing* effect in bromine vapour under electrical 
discharge in Siemens’ tubes. 

S. S. JosHi and Sabanai^d Sibsikab, Benares. 

It has been found that similar to chlorine (c/., Joshi and Narasimhan, 
Proo, IndUm Set. Cong,, 1940, Part III, p. 24), the discharge current 
produced in bromine vapour at a fixed frequency shows a marked diminu- 
t;ion after the application of the secondary potential to the vessel. The 
•discharge was produced in the annular space of a glass ozonizer of the 
Siemens t 3 ^. 

The diminution of the current was very rapid soon after the initiation 
of the discharge; it then slowed down into a steady state, when the 
•current remained constant. If, however, the discharge was discontinued 
^t this stage and re-started at the same applied potential as before the 
secondary current was not fully restored to the original value. The 
restoration was completed the greater the time mterval between the 
•discontinuation and reproduction of the discharge. In one series of 
experiments at 8,000 volts about 4*6 hours of interval had to be allowed 
after the switching off of the secondary potential, when on its re-application 
the original current was obtained. These hysteresis effects were found 
to be a function of, and decreased with the applied potential. The 
initial diminution of the current also was greater the greater the applied 
potential, other factors remaining unchanged. The above ^ageing' 
•effect incpecbsed on the exposure of the system even to stray radiation at 
aU the stages of the time — current curves. 

36. Behaviour of chlorine subjected to electric discharge and 
irradiation. 

S. S. Joshi and K. Kuppuswamy, Benares. 

It has been observed that irradiation introduces very appreciable 
•dififerenoes in the eleotrieal properties of chlorine subjected to discharges 
due to alternating fields. 7%e gas was contained in the annnlAr space of 
a Siemens t 3 rpe ozonizer imde of glass; Nad solution served as electrodes. 
The arrangement adnlltMIr ^therefore of exposing the gas to an external 
source of radiation IxiilM W after the initiation of ionization by applying 
the necessary poteii$|i|l)|p the ozonizer. 
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In the ttt&g6 of 55-500 nun* TT g the mmimixin thresbiold potential 
<</., Joehi, Ourr, 8ci,, 1939, 8, 648) was greaUr under irradiation than 
in the dark, for a given value of the gas pressure and frequency of the 
A*0. supply. As is to be anticipated {Iog. oU.), the diso^rge current 
in the dark produced at a given gas pressure, applied potential and 
frequent (Uminiehed appreciably as soon as the system was exposed to 
light. It is believed^ that this suppression $ of the secondary current 
oDserved for the first time in these laroratories {cf,, Joshi and Narasimhan, 
Proc, Indian 8cu Congress, 1940, Part HI, p. 40) represents a hitherto 
unrecognized phenomenon in the already vast and rapi^y accumulating 
data on the discharge phenomena in the gases. 

It has been found that B observed for a constant ligJU intensity at a 
given ^8 pressure (varied in the range mentioned above) increases by 
increasing the applied potential (varied from 3,000 to 7,000 volts) at a 
constant frequency and temperature; it also increases by reduciog the 
temperature studied in the range 7®-76®C., the pressure, potential and 
frequency being kept constant. B is also greater higher the frequency of 
the A.O. supply varied from 50 to 500 cycles per second, other factors 
mentioned above remaining unaltered. 

Data are given for the influence on B of different proportions of 
foreign gases. 


36. Studies in the electrolysis of aqueous cobalt sulphate. 
Part I. Electro-deposition of cobalt on iron. 

S. S. JosHi, D. N. SoLANKi, and B, N. Dutt, Benares. 

A review of the literature shows that very little work has been done 
-on cobalt deposition, though the sister metal nickel has, thoroughly, 
been investigated. A study has, therefore, been made in these 
laboratories, to investigate the optimum conditions for smooth, lustrous, 
adhesive and satisfactory deposits. The influence, on the nature and 
quality of the deposit was examined microscopically, of the followi^ 
factors: (i) electrolyte concentration, (ii) interelectrode distance, (iii) 
duration of electrolysis, (iv) C.D., (v) temperature, (vi) bubbling air 
through the electrolyte, and (vii) addition agents. 

]u the experiments, under (i), the concentration of cobalt-sulphate 
used for the bath solution, was varied, in the range 1 *5-11-^1/16, Results 
show that satisfactory deposits at a particular C.D. can be obtained 

only from ^ solution as stronger and too dilute solutions are found to 

give less satisfactory deposits, former due to too high a metal-ion-content 
and the latter, to a local impoverishment of the metal or metal-ion-content 
or to lack of crystal centres round the cathode. Our results show that 
satisfactory deposits are obtained only with duration, 5 to 20 minutes, 
after which the deposit shows distinct tendency to peel off. Our data, 
under (iv), show that with the rise in C.D. the quality of the deposit 
improves, the optimum value being 90 to 120 amps, per sq. ft. Further 
increase of G.D. brings about a burnt deposit; and very high O.D. makes 
the deposit rough, loose and powdery. At a very low OJ>, like 10 or 5 
amps, per sq. ft. there is hardly any deposit probably due to whole of 
iihe current being utilized in discharging imdesirable hydrogen. Our 
results, under (v), indicate that unifoimy shining and lustrous deposits 
are obtained at low temperature (10®O.); with the rise of temperature the 
crystal size goes on increasing till at 70^0. the deposit becomes hopelessly 
black, , , * 

jEjxperiments, under (vii), showed that the addition of HttS 04 , 
boric acid, NatS 04 , glycerine, glucose, etc., had a good and favourable 
•effoct on the nature of the deposit; whereas the addition of Snds, 
Al 2 (S 04 )a* 18HjO, CdS 04 , gelatine, aniline sulphate, etc., proved to be 
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detrixnentid* Addition of 2% HfOg to the bath gave excellent deposit 
possibly due to hydrogen evolution bsing arrested. 

37. Btudiea in the Qlectiol 3 rBifi of aqueous cobalt sulphate- 

Part n* Anodic oxidation of cobaltous to cobaltio 
sul^iate and its confirmation firom spectroscopic 
ob^rvations. 

S. S. JosHi, D. N. SoLAKKi, and B. N. Durr, Benares. 

During the preliminary experiments on deposition of cobalt by 
eleotrolysis of cobMt sulphate, a serious difficulty arose due to precipitation, 
of a hvo^-blaok product with the progress c^f eleotrolysis. The product 
was, after analysis, found to be hydroxide of cobalt acting as peroxide. 
To avoid this precipitate formation several anodes of the msoluble type 
were used, in absence of the pure cobalt meted. Smooth Ft, Ft coat^ 
with black platinum, Au, Fb, and graphite were tried as anode materieds. 
In all the cases there was precipitation of the brown peroxide, either in 
doculent mcMS or in the form of thin film over the anode. With black 
Ft anode, the precipitation occurred immediately, hardly within a minute 
or two eleotrolysis. Anodes of the soluble type like Ag, Sb, Bi» 
Al, etc.,. were also tried and were foimd to show the similar anodic pheno- 
menon, though to a very negligible extent due to main anode reaction 
being the dissolution of the metal used. 

In quantitative measurements of the deposition of cobalt by 
eleotrolysis of cobalt sulphate by using Fb anode (iron cathode) another 
curious behaviour wm noted. Ko two consecutive readings for cathode 
efficiency for metal deposition agreed though the measurements were 
made ui^er constant conditions of temperature, C.D., etc. The cathode 
efficiency continuously goes on falling. This difficulty, i.e. lack of agree* 
ment between consecutive quantitative observations could not be 
completely overcome by veurying the conditions like the bath composition, 
temperature, O.D., etc., though the agreement was satisfactory, with the 
bath, contcuning cobalt sulphate, and buffered with NaH 2 F 04 and H 8 FO 4 , 
at very high temperature ( 70®C. ) . The continuous fall or dinunution of the 
cathode efficiency imder normal conditions may be attributed to a vcdency 
change of cobedt from divalent to trivalent by anodic oxidation with the 
progress of electrolysis. That there is a valency change during the electro- 
lysis of oobedt sulphate has been further confirmed from spectroscopic 
measurements by taking micro-photographs of the absorption spectra 
for cobalt sulphate solution, before and after electrolysis, and also for 
cobaltio sulphate solution prepared by electrolytic method. 

38. Eleotro-depositipn of oadmimn on iron. 

S. S. JosHi, D. N. SOLANKI, and B. G. Joshi, Benares. 

A review of t^ literature shows that much of the work on ccuimium 
deposition is restricted to the tise of double cyemide solutions, which are, 
however, unstable and too often apt to undergo decomposition and thus 
offiar many practical difficulties in maintaining the satisfactory control 
of t^ bath. Experiments carried out in Siese laboratories, under 
vaiying conditions of (i) electrolyte concentration, (ii) inter-electrode 
distance, (iii) CJD., (iv) time duration, and (v) temperature, showed 
that no satislaotoiy smooth and adherent deceits could be obtained 
from cadmium sulphate bath. At constant values of concentration, O.D., 
temperature, etc., the deposit, which was initially bright and adhesive, 
became, as the time elapsed, powderv, non-adhesive and black due to 
the increased alkalinity of the bath with the progress of the eleotrolysis- 
and subsequent of the basic hydroxides in the cathode deposit.. 

Kurda^s (A. 1936, 175, 877-^82) findings lead to smiilar 
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oonoluaicmB, Chtt results ^ow that the addition of free H2SO4 to the 
bath solution considerably unproved the nature and quality of the deposit^ 
M examined microsoopioally. The concentration of H8SO4 was varied 
in the range NfSO^Nj^; most satisfactory deposits were obtcuned in the 
presence 01 ^/50 H2S04* Increased concentration of the acid, however,, 
besides lowwing the cathode efficiency to a considerable extent duo to 
excessive hydrogen evolution, gave cracked and pitted deposits with deep 
crevices. Our results with the addition of ^02804 (1 to 10 %) to the bath 
( 4 % cadmium 4 - -A ^/50 H2SO4) show that both quality and quantity of the 
deposit get very much improved with increased amount of the added 
material, up to 6% and then remain almost unaffected with 10 %. The 
favourable results can be attributed to sodium sulphate CKsting, either,, 
as a conducting salt, or, as a bath stabilizer by its buffer-action. 

The infruence of C.D. and temperature, on the nature and magnitude 
of the deposit froni the bath ( 4 % cadmium +^/60 H2S04-i-6% Ka2S04), 
has been studied in detail. Our data show that with the increase in 
O.D. the grain-size becomes finer and finer up to a particular limit (5 
amps./i^. ft.), however, the deposit shows tendency towards tree- 
formation or burning. The cathode efficiency graduedly increases with 
C.D. but the increase is very small which shows that C.I). has no marked 
influence on cathode efficiency of cadmium deposition, possibly due to 
absence of hydrogen evolution, under the operating conditions of the 
bath. Wemick {Trans, Electrochem, Soc,, 1932 , 62 , 75 - 86 ) and Wtcmabe 
and Tsuchimolo (« 7 . Min, Met,, Japan, 1629 , 7 , 3 - 10 , 34 - 40 ) obtained 
similar results. Our data show that l^th quality and quantity of the 
deposit at constant C.D. improve by increasing the temperature up to a 
certeun extent ( 45 ®C.) and deteriorate at higher temperatures ( 80 ®C.). 

Under the optimum conditions, the effisct on quality and quantity 
of the deposit was studied by adding, to the bath, vahrious inorganic and 
organic substances. Al2(S04)8 • I8H2O, NiS04 • 7H2O, H202» ZnS04. 
7H2O, HgCl2> Cr208» SnCl2, SnO, Sn02 and traces of SnCl4, SbOls and 
Bids were tried. A trcbce of SnCl2 gave most satisfactory deposits possibly 
due to its hydrolysis and subsequent inclusion in the deposit. Qood 
deposits were also obtained in presence of nickel sulphate. Other 
substamces either showed no -much improvement . X8H2O, 

ZnS04 . 7H2O, etc.) or gave hopelessly had and spongy deposits (Cr203, 
HgCl2t etc.). Addition of dextrin or gelatin improved the nature ol the 
deposit; wMe pyridine, carbon disulphide, sucrose cmd glycerine gave 
unsatisfactory deposits. 

39. A stiidy of some physico-chemical factors in the electro- 
deposition of nickel. 

S. S. JOSHI, D, N. SOLANKI, and Dambi Singh, Benares. 

A review of the literature shows that though much work has bron 
done on electro -deposition of nickel, the information available regarding 
the quantitative deposition of the metal under various conditions, is very 
meagre. A detailed and exhaustive study, has, therefore, been made, to 
investigate the optimum conditions for smooth, adherent and satisfactory 
deposit of nickel over iron as the base metal, from a bath containing 
nickel sulphate, nickel chloride and boric acid, at various values of 
electrolyte concentration, inter-electrode distance, duration of electrolysis, 
temperature, O.D., and pH. Under constant opt imum conxiitions of 
electrolyte concentration, electrode distance, duration, and pH ^ ( 6 * 6 ) 
the influence of the following factors on cathodp efficiency for nickel- 
deposition has also been stuffied in detail. ^ 

(i) Temperature, (ii) C.D., (iii) addition agents, organic and inorg^c, 
in quantities, (iv) addition of non-electrolytes, in large quantities, 

(v) nature of the cathode material, (vi) superimposing A.C. on O.D., 
omiaing deposition, and (vii) bubbling air, under pressure, through the 
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linut due to grwiual dCmmntion in hydrogen evolution, and tbm deteriorate 
at hi^er CeDe, which gives powdery^ bomt and spongy depoaita due to 
rapid depletion of the metal ion oont^t round the cathode. 

AmongBt the addition agents tried S,Os and A]c(S04),.18H|0 
proved to give most satisfactory and fine-grained dq>ositB, the former 
by anesting the hydrogen evolution, evidenc^ by high cathode efficiency 
and t^ latter due to its hydrolysis and subsequent inclusion in the cathode 
deposit. Addition of ddCl2 dextrin in small quantities proved 
beneficial; while addition of Hg0l2, SnCl2t pyridine, CS2, and acetone 
proved detrimental. Chromic acid (CrOs') was found to be highly detri- 
mental even in minute traces, only facilitate free evolution of hydrogen. 

Our results with 'the Editions of non-electrol3de8 — ethyl alcohol, 
glycerine, methyl alcohol, sucrose and mannitol — ^in large quantities show 
that the cathode efficiency increases stechdily with the progressive addition 
of the non-electrolyte in all oases, till it approaches a limiting value; it 
remains practically constant being unaffected with further addition, in 
the case of C2H5OH and glycerine, but is depressed in the case of mannitol 
and sucrose. The conductivity, viscosity and density measurements of 
these solutions were also made. 


40. Variation of transport number of silver ion in water- 
methyl alcohol solutions. 

Habibao J. Abnieab, Benares. 

Contrary views are held regarding the influence of the medium on 
the transport number of silver ion. Ccurara (Cfctzetta, 1903, 33, (i), 241) 
believes that no complex is formed in the medium, while others notably 
Krummreich {Zeit, Elektrochem,, 1916, 22, 446) And it necessary to assume 
the formation of an alcohol-water complex to account for the maximum 
in the transport number curve. Data recorded in the present paper for 
the transport number of silver ion in Af/20 silver nitrate solutions in water- 
methyl fdcohol medium at constant temperature, agree with those of 
Krummieich for water-ethyl alcohol meffia. Corresponding variations 
in the viscosity, surface tension, electrical conductivity, and coefficient 
of apparent volume expansion pf medium also are studied and enough 
evidence is to be found in these data for the formation of a complex at 
about 35 per cent methyl alcohol by weight and this is in complete 
agreement with the views of Getman, Dunstan and Trauba ('Viscosity* 
(Monogram on Inorganic and Fhysiced CSiemistry series), 1914) who from 
the viscosity and other data have shown that complexes of the type 
CH2OH • 3H2O, and C2H5OH . 3H2O are formed. 


41. An extrapolation method for determining single electrode 
potentials. 

SuBOBH Kumab Majumdab and Ditboadas Ghakbabobtty, 

Calcutta. 

Measuresnant of single electrode potentials, as is well known, is a 
matter of great difficulty. Various methods, such as those depending on 
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the lue of the Dropping Electrode* OapOlary SUeotrometer^ eto*t have 
been propoeed* A null electrode method was proposed by Benewita 
and Sohuls {SS, f. phyeikaHisohe Chmrvk, 1926, 124» 116), which involves 
destruction of the double layer on one of two sitnilar electrodes dipped 
in the same solution* The metal ion concentration of the solution is 
altered and the^ point is noted at which no current flows through the 
system. At this jioint the potential difference between solution and 
electrode is assumed to be zero and this electrode can be subsequently 
used as null electrode. A modification of this method has been attempted. 
The standard value of normal electrode potential of silver (as cgainst 
normal hydrogen electrode) is given by Lewis (** Thermodynamics and 
Free Ener^ of Chemical Substances,” 1923) as + 0*7996 volt, from which 
the silver ion concentration, at which the silver electrode will behave as 
null electrode, comes out to be 8*71 x 10 “i*. Reversible silver electrodes, 
prepared by varioua methods, were dipped in silver nitrate solutions of 
various concentrations and the E.M.F. was measured at 36®C., with 
N-KOl- and saturated KGl-calomel electrodes, using NH^NOj bridge. 
The silver ion concentration was varied by (i) dilution, (ii) precipitation 
of silver by standard El solution, and (lii) removal of silver ion by adding 
standard ammonia solution, and the E.M.F. of the chain measured. The 
value of the E.M.F. thus found was plotted against log [Ag+] and the 
V6due of E.M.F. extrapolated for — 13*06. This obviously corresponded 
to the single electrode potential of the calomel electrode, as the silver 
electrode at this stage behaved like a null electrode. A series of solutions 
of different concentrations of silver nitrate with the same electrode was 
studied and the curves for the same electrode showed the same inclination, 
excepting for ammonia and at very low concentrations of silver ion 
(6 X 10-*^). Evidently the discrepancy in the former case is due to the 
formation of ammonia complexes of uncertain composition and in the 
latter due to the fact that the Ag-electrode, like many other metal elec- 
trodes, is not reversible at very low silver ion concentrations. The results 
obtained by the other two methods show quite satisfactory concordance, 
with the results previously obtained, as will be seen from the following : — 

N-KCl calomel .. +0*279 volt. 

+0*2786 (Qlasstone)* 

+0*2824 (Clarke). 

It should be chided, however, that the method does not propose to 
give absolute values but only values relative to the normal hydrogen 
electrode. 

42. A push pull electrometer valve potentiometer, 

C. T. Abichaitdani avd S. K. K. Jatkab, Bangalore. 

A Push Pull Electrometer Valve Potentiometer consistmg of two 
Osram Electrometer Valves m push pull followed by two P 2 valves also 
in push pull, which gave no drift in a mirror galvanometer, has been 
described in this paper. 

43. Dissociation constants of isomeric halogeno-phenols. 

C. T. Abiohandani and S. K. K. Jatkab, Bangalore. 

The dissociation constants of o-, fw- and p- halogenophenols from the 
electro -motive forces of the cells without liquid junction, using the push 
pull electrometer valve potentiometer, have be^ measured., Thehydrog^ 
electrode was replaced by a glass electrode, as the former vras easily 
poisoned. A linear relationship has been shown to exist between the field 
intensity at carbon atom and the logarithm of dissociation oonfrfMint. 

effect of the dielectric constant of the medium on the dissociation 
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constants has been detennined. The in£ra*i8d spectra of phenols haa 
been discussed in relationship to the structure of the oompoui^. 

d4. Dispersion of dieleotric constants of binary mixtures. 

(Miss) IXaqamasx Shama Bao and S. K. K. Jatkab^ Bangalore. 

The dielectric constants of the system benzene-carbon tetrachloride 
in liquid stkte have been measured over a fr^uenoy range of 23 to 10»000 
k.o., using pieB^lectrio quartz osciliators. ^e dispersion is not appre- 
idable over this range, and the molar polarization and polarization Pg 
shows a sharp minima at the composition where the cryoscopic methods 
indicate one to one complex and the selective adsorption by silica gel, is 
zero. A maximum is shown in the dielCctrio constant curve as well as 
in the selective adsorption curve by norit and silica gel when the composi- 
tion of the mixture corresponds to OOI4. 4CeHe. 

46. Dipole moments and molecular structure. Part I. Dipole 
moments of ethyl esters of phenyl substituted acetic, 
malonic and glutanic acids. 

N. L. Phalnikab, B. V. Bhidb, and K. S. Naegttnd, Poona. 

Dipole moments of the following esters have been determined in 
benzene solution at 30^0. at 100 meters wavelength. 

1. Ethyl phenyl acetate (1*824). 

2. Ethyl phenyl methyl acetate (1*82). 

3. Ethyl diphenyl acetate (1*76). 

4. Diethyl phenyl malonate (2*54). 

5. Diethyl phenyl methyl malonate (2*52). 

6. Diethyl diphenyl malonate (4*43). 

7. Diethyl phenyl glutarate (2*51). 

8. Diethyl diphenyl gluts rate (2*43). 

The numbers in the brackets are the dipole moments in Debye units. 
The study of the moments of ethyl esters of phenyl substituted 
acetic, malonic and glutaric acids have shown that the effect of the phenyl 
group on the moments of these acetates and glutarates is very small, 
but there is a definite inductive effect of the phenyl group on the moments 
of phenyl substituted malonates. 

46. Dipole moments and molecular structtue. Part 11. 
Dipole moments of ethyl esters of alkyl substituted 
malonic acids. '' 

N. L. Phaxnieab, B. V. Bhidb, and K. S. NAsaum), Poona. 

Dipole moments of the following esters have been determined in 
benzene solution at 30*’C. at 100 meters wavelength. 

1. Diethyl malonate (2*54). 

2. Diethyl dimethyl malonate (2*32). 

3. Diethyl diethyl malonate (2*10). 

4. Diethyl dipropyl malonate (2*15). 

5. Diethyl mono-isoprop)d mcdonate (2*40). 

An equation has been derived to calculate the moments of compounds 
of the type of diethyl esters of substituted malonic acids. Uung this 
equation the moments of diethyl esters of substituted malonic acids 
have been piJcidated and the observed values are shown to be in accordance* 
with the valency deflexion hypothesis. 
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Earlier values of dipole moments of cycle 1 : 1 dicarboxylates deter- 
mined by Farmer and Wallis {J.O.8., 1933, 1307) have been reoaloulated 
and shown to be in accordance with the valency deflexion hypothesis. 

47 . CSharge and stability of cqlloids. Part III. Potentiometrio 

titration of ferric hydroxide sol. 

B. P. Yadava and A. C. Chattbeji, Lucknow. 

In the previous two papers of this series the relation between charge 
and the stabilizi ng effect produced by the addition of minute quantities 
of H 2 S, HCl and non-electrolytes like methyl alcohol, ethyl alcohol agar- 
agar, etc., were studied. 

In this paper the changes produced in the ferric hydroxide sol 
prepared from ferric chloride by the addition of ammonia have been 
followed potentiometrically step by step when various coagulating 
•electrolytes are added gradually in increasing quantities. 

The method followed is essentially one which has been developed by 
Babinowitsch and Weiser with modiflcations introduced to reduce the 
liquid junction potential to a minimum. The results obtained indicate 
that the quantity of chloride set free by the added electrolyte is sometimes 
greater than the electrolyte added. Weiser*s opinion that this is due 
to faulty experimental procedure and observation is not true. 

It has been found that if the sol is impure, the quantity of chloride 
liberated is greater than the equivalent amount of the coagulating electro- 
lyte. With progress of dialysis the same sol sets free lesser quantities of 
chloride than the amount of electrolyte added. 

48. Charge and stability of oolloidfl. Part IV. Potentiometrio 

titration of aluminium hydroxide sol. 

B. P. Yadava, Lucknow. 

In this paper potentiometrio titrations of aluminiiun hydroxide sol 
prepared from aluminium chloride and ammonia have been studied. 
It has been found that when the impure sol is titrated with potassium 
sulphate, the quantity of chlorine liberated is greater than the amount 
of sulphate added. But when the same sol is purifled by dialysis the 
quantity of chlorine set free by the addition of potassium sulphate is 
considerably less than the sulphate added. 

49. Base-exchange of mercuric ions adsorbed on wool. 

G.^T. Gubsahani and C. S. Nabwani, Karachi. 

The base-exchange experiments have been performed with various 
chlorides and sulphates having monovalent and divalent cations on sheep 
wool treated with various solution of HgOlg in 0'025N HCl for 24 hours, 
in an air thermosta^ at 36°C. and thus the adsorption of Hg ions has been 
established as shown by the following results; — 

(1) Total quantity of Hg taken by one gm. of wool goes on increasing 
with the initial concentration of Hg0l2 flrst rapidly up to 0’15M and then , 
slowly and regularly; there is a diversion in tli^ curve at equilibrimn 
concentration corresponding to 0*1 Af initial concentration. There is a 
slight increase in the total quantity of Hg taken up with the increase 
in time. (2) The quantity of Hg ions exchanged by Na iooB goes on 
inareasing with the equilibrium concentration of HgOlg following nearly 
a parabouo curve. (3) The quantity of Hg exchangkl by various mono- 
vaient cations follows the order K>BH 4 >Na, that by divalent cations 
Ca>]^>}!dg, in case of chlorides as well as sulphates, it being more by 
the latter. (4) In presence of Nad, the quantity of Hg taken up by one 
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gm. of wool goes on deoreasing with the increase in concentration of 
Nad. On subtracting the 'exchanged, i.e. the absorbed quantity of 
Hg from the total quantity taken up by one gm. of wool, the quantity 
oombined is obtained. If the quantity of Hg reacted with one gm. of 
wool is plotted against equilibrium concentration there is a diversion in 
the curve at the equilibrium concentration corresponding to 0*1M initial 
concentration, showing two types of reactions. 

60. Alkaline electrometrio titrations of gelatin in presence of 

sugars. 

Eam D. Advaki and C. S. Nabwani, Karachi. 

Addition of 0.5~3.0 m.mols of aide* and keto-sugars per 100 c.c. of 
gelatin*water sol gives a definite decrease in pH vcJue varying with the 
nature of the sugc^ in the following order : — 

Mannose > Glucose >2- Arabinose » Xylose > Galactose > Fructose 

>Maltose > Lactose. 

On etdding non*reduoing sugars there is practically no change in pH value. 

The gelatin sols, mixed with various quantities of c^erent sugars, 
were titrated electrometrically (hydrogen electrode) with standard 
sodium hydroxide solution, to verify the increase in acidity on condensation 
of aldo- and keto-groups with NH 2 groups. Plots of pH against the 
quantities of sodium hydroxide ckdded, were prototype and did not overlap 
each other. With increasing concentrations of every sugar, the quantity 
of alkali required, for reaching the neutral point (pH = 7) goes on increasing 
gradually, and the increase with the similar concentration of different 
sugars was different and followed the order— 

2«Arabino8e>Mannose> Galactose =» Fructose > Xylose 

> Maltose > Lactose. 

It is concluded that the condensation power of each sugar varies 
with pH of the mixture. 

61. Studies on nucleic acid. Part I. Variation of properties 

with concentration. 

S. N. Mxjkhbejeb, Calcutta. 

Specific conductivity, hydrogen ion activity, cataphoretic velocity 
and total acidities as obtained from potentiometric titrations have been 
studied at different concentrations of the nucleic acid (from yeast) sol. 
Variations of specific conductivity with concentration cts well as of 
equivalent conductivity with square root of concentration as calculated 
t^refrom do not indicate any aggragate formation at the concentrations 
studied by us (up to 3 X 10-# equiv. per litre). Changes in cataphoretic 
velocities with concentration, however, were indicative of the formation 
of aggregates but ultramicroscopic determination of the size of the particles 
did not confirm this. The total cupidity was, however, found to be 
proportional to the concentration. 4 

62. Studies on nucleic acid. Part II. Potentiometric and 

conductometric study of the reaction with different 
bases. 

S. N. Mxtehbbjbb, Calcutta. 

Potentiometric titration curves of the same specimen of nucleic acid 
sol with different bases showed different total acidities at the same pH. 
The order of acidity was found to vary as Ba(OH)a > Ca(OH )2 > NaOH 
>|C10H > NH 4 OH* Oonductometric titration curves conton these obser- 
vatkms qualitjM'My but such curves with Ba(OH )2 and Oa(OH )2 are 
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extremely complex having in fact as much as four inflexion points and 
peouMi^ shapes* The fbrst inflexion point with KOH agreed with the 
free aoi(hty of the sol as obtained from pH measurements. Difference in 
total acidity with different bases, however, disappears in the case of the 
ultrafiltrate which obviously indicates that the observed effect is due te 
the presence of colloidal particles in the system. 

63. Electroobemical properties of arable aoid sol. Part I. 
Potentiometrio and conductometric studies on the 
reaction with bases. 

S. N. Mukhbbjbb, Calcutta. 

In arabic aoid sol different bases showed different toted acidities 
both in potentiometric and conductometric measurements. The order 
of total acidity indicated by the betses run as follows — Ca > Ba > K > Na 
(c/., lyotropic series). This difference persisted to a certain extent even 
when the sol was eleotrodialyzed. Titration curves indicated its mono* 
basic nature. The first inflexion point in the conductometric curves 
tedlied with H-ion activity of the sol while the second inflexion point 
wMch showed variation with different bases compared favourably with 
those obtained from potentiometric titration curves. Total acidity varied 
linearly with concentration as observed with NaOH. Dissociation con- 
stants as calculated from both types of measurements tallied with each 
other and they were foimd to increase with rise in concentration. 

54. Effect of non-electrolytes on the specific conductivity and 
pH of silicic acid sols.* 

B. Chattbbjbb, Calcutta. 

When increasing amounts of glucose (G.R.) were added to eleotro- 
dialyzed silicic acid sols the specific conductivity at first increased cuid 
then decreased while the pH initially diminished then slightly increased 
tending to a constant value. The specific oohductivity continuously 
increased from the beginning when longer time w€w allowed for interaction. 
The specific conductivity of the ultrafiltrates of the mixtures snowed 
similar results'. Some sort of interaction appears to take place between 
silicic acid sol and the added glucose. 

66. Variations in the pH, specific conductivity, total neutralize 
able acid and forms of titration curves of colloidal 
solutions of hydrogen clays and hydrogen bentonites- 
on the addition of non-electrolytes.* 

R. P. Mitba and K. C. Ghosh, Calcutta. 

When alcohol (G.R. quality) is padually added to a carefully purified 
hydrogen clay or hydrogen bentonite sol (sp. oond . — Ga 3x 10-® mho.^ 
pH — Ca 5*0; colloid content — 2gr/l) its specific conductivity at first 
rapidly increases, reaches a maximum at a concentration of about 0*05 
per cent of the added alcohol and then decreases. The deoreaee is first 
rapid and then slow, the conductivity ultimately tending to become 
constant. Corresponding to the variations in the sp. conductivity, the 
pH at first rapidly decreases, passes through a m i nimum and then rises 
and approaches a limiting value. The ultrafiltrates also show similar but 
much less prominent maxima and minima. The pH andfsp. conductivity 
of the sol change with time indicating a slow reaction which is, however, 
not an ordinary dissolution process as in that case a continuous variation 

* The work has been carried out under a scheme of research financed 
by the Imperial Council of Agricultural Research, India. 



Ptoc. 28(k /•S.O* : Pari III : Aht^roKSia. 


«4 


m 


in tbflifpH and sp* oonduotivity ixuitead of the maximum and Twinimnm 
be obeerv^* A hydrogen olay tidiioh had been repeatedly waohed 
vi^ 25% aloohol also showed such discontinuous variatioxis. They 
were not observed witl:^ solutions of HCl living nearly the same pH and 
sp. conductivity as the soL The total acid (at the indexion point of the 
potentiometrio titration curve with a base) of the sol estimated in the 
presence of increasing amounts of alcohol also passes through a maximum. 
The ultrafiltrate, however, contains little or no titratable acid which 
further i^ows that practically no acid is brought into solution by the 
aloohol. T^ titration curve of the 8ol~~aloohol mixture has a jstronger 
acid character than that of the sol itself. 

66. The electrochemical properties of synthetic mixtures of 

silicic add and aluminium hydroxide sols.*** 

B. Chattsbjbe, Calcutta. 

^ 3 mthetic mixture of silica and dumina having SiOg : AlgOg ratios 
(molar) of 2 ; 1, 1 : 1 and 1 : 2 were prepeued from electrodialyzed silicic 
add and aluminium hydroxide sols. The mixtures were ^ electro- 
positive. The pH and specific conductivity of the mixtures change with 
time. The forms of the potentiometrio titration curves of the mixtures 
with NaOH have different forms from those of either silicic add or 
aluminium hydroxide sols. The titration curve of the mixture having 
ratio 2 : 1 shows two infiexion points (at pH 7*0 and 4*5) and that of 
ratio 1 : 1 only one inflexion point at pH 7*2. The mixture having 
ratio 1 : 2, however, shows no ii^exion point in its titration curve. The 
total acidity calculated at pH 7*0 from the titration curves increases 
with an increase in the silica content of the mixtures. 

67. Studies on the ^ zonal effect ’ in electrolytic and mutual 

coagulation of colloids in the slow region by transi>arency 
determinations. 

S. S. JosHi and C. S. Bamaxbishnai 7, Benares. 

The present work was undertaken with a view to extend the findings 
of Joshi and co-workers [J* Indian Ohem. Soc,, 1036, 13, 311-314; ibid,, 
pp. 439-447; ibid,, 1937, 14, 103-108; ib%d,, pp. 388-395; Cv/rrent Science, 
1936, 4, 870) that increase in opacity or which is the same as decrease 
in transparency cannot be regarded, in general, as a measure of the 
•corresponding degree of coagulation, cmd that the progress of the latter 
especi^y in the slow region is not a time continuous change as is con- 
template in Smoluchowski’s classical theory for the kinetics of coagulation 
{Z, phyaik. Chem,, 1917, 92^ 129). Two series of transparency determina- 
tions have been ceuried out in the present investigation. In the first, 
•differ^tly diluted sols of negatively charged manganese dioxide were 
coagulated in the presence of variously concentrate aqueous solutions 
of potassium chloride, barium chloride, propionic, but 3 rric and succinic 
acids. The transparency time curves for aU these coagulations showed 
the * zonal effect’, which became more pronounced the slower the coagula- 
tioi^ both in the number and the duration of each of the zones. Essenticdly 
similar results were obtained when the above coagulations were produced 
in the presence of sensitizing and protecting agents, and in the l^haviour 
of positively charged ferric hydroidde mixed with differently concentrated 
8ohttfoi!iii of chlorw, sulphate and phosphate of potassium. 

The dwcontinuities or the *zonal effect* also appeared markedly 
oonapicuouS in the transparency-time cuirves for the numerous mutual 

The has been carried out under a scheme of research financed 
by the ImpviMl, Council of Agricultural Besearcb, India. 
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tK>ilgulatiozia betweea colloids, manganese dioxide, the prossiai^ blue, 
cadmium sulphide and vane^um pentozide which were negatively 
•charged and the positive ferric hydromde and aluminium hydroxide* 

68. C^dty changes in the gel-forming mixtures during 

sotting. 

Mata Fbasab and V. S. Goqate, Bombay. 

An apparatus has been devised to measure the chcuages in opacity 
In which the duotuations in the main current have been ob^^ted by using 
a Barreter's filcunent valve. Compensated photo-cells were used in the 
apparatus and these were supplied by constant voltage by means of a 
neon stabilizer introduced in the circuit. This ^paratus was used to 
measure the chafes in opacity during the course ofgelation of (1) stcmnio 
arsenate, (2) silicic acid, and (3) thorium molybdate gels. Effects of , the 
addition hydrochloric acid and some non-electrolytes on the opacity 
changes have also been examined. The time-opcu^ity curves obtai^d in 
the first two cases are *S' shaped while those in the third case are 
li 3 nperbolic. 

69. Antinormal variation of opacity in coagulations due to 

mercurous sulphate. 

V. S. Raghavan, Benares. 

The present work arose out of the observation by Joshi and co-workers 
(J. Indian Ghem* Soc., 1936, 13, 439; i&td., 1937, 14, 103; ibid,, pp. 167-171 ; 
also, ibid., pp. 323-343 ; Ourr. Sci., 1936, 4, 870) of the abnormality of 
effects when mercuric chloride was used as a coagulant. Purushottam 
has reported that aqueous mercurous sulphate produced abnormal 
•changes in the transparency of colloid mangemese dioxide {KoU. ZeU., 
1938, 85, (i), 32; ibid., 1939, 86, (3), 361). The present paper gives data 
for the changes of opacity produced in colloid cursenious sulphide, 
cadmium sulphide, ferric hydroxide and mercuric sulphide mixed with 
equal volumes of differently concentrated solutions of mercurous sulphate. 
These results further oon&mi the notion that a change in opacity cannot 
be adopted a measure of the oorresponding degree of coagulation 
produced. Indeed in the present series of experiments it was found that 
in a number of coagulations, (each of which was followed till the setting 
in of fiocculation, i.e. the appearance of optical heterogeneities due to 
discrete particles of the ooagula), the system showed an overall dirniiw- 
tion. It was observed, however, that whether the change of opacity 
was normal or otherwise, its time variation, in general, was markedly 
discontinuous or ^ zonal*. 

60. Variation of the Tiacosity of colloids subjected to (i) 
oataphoiesis, and (ii) high hrequency osoiUations. 

S. S. Joshi and V. S. RaGBAYAH, Benares. 

It has been shown by Joshi and co-workers {J. Indian Ohwn. Soo., 
1933, 10, 329; ibid., p. 699; ibid., 1934, 11, 133; ibid.,m. 66, 573, and 
797; ibid., 1936, 13, 441; J. Chim. Phye., 1935, 32, 455; Proc. Acad. 8oi., 
1 935, 6, 41) that contrary to the tacit assumption made by colloid chemists 
viscosity does not always incxease during the progress of a given coagula- 
tion, ^ey have also reported {loc. cit^ that usually, if not invariably, 
there is an initial diminution of viscosity for which quite a variety of 
explanations is to be found in the literature of the subject, the sim^est 
bemg the adsorption of ions carrying the same kind of charge as the 
^lloids, obtained from the ooagmtmg electrolyte. Our esqterimenta, 
under (i), show that this initial diminution occurs very ftequmitly when 
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difibcently oonoenAcaited aols of sniimon:^, aveeniotui^ meroiuyy cadsunm 
8ul|ribkie8« fenio hydroxide (both positively and negatively ohaiged)». 
thorimn and alonihiiiiiii hydroxide^ manganeae dioxide, vanadio aeid, 
proaaian blue, silver ai^d copper fenoosramdeB, silver, gold, sulphur 
were subjected to Morf durations of (i) oata p lyireBis due to continuous 
potentials, and to (ii) hi^ fro^fuenoy oscillations produced by a con- 
densed speak discharge* There is a possibility under (i) of ions derived, 
in part, from the intexxnioellar medium interacting with the suspended 
pamoles under the induence of the applied field and causing coag^tion 
ami thus Simulating the action of an externally added elec^lyte. This 
factor is, however, almost negligible under (li), which also shows the 
iniiaal viscosity ohi^e mentioi^ a^ve. 

Continued exposure to (i) and (ii), showed that in all the coagulations 
thus produced, t^ viscosity varied disoontinuously or *rona%* with 
respect to coagulation time in agreement with our earlier numerous 
resmts {loo, cU,) in different types of electrolytic coagulations. This 
general finding eiso accords fully with previous results obtained in these 
laboratories in the case of a large number of colloids (Joshi and 
Subbaiah, loo, cit,) subjected to transpiration in very long capillary paths 
disposed equatorially to eleotrio fields due to alternating potentiw at 
various commercial frequencies. 

It is considered that these electro-viscous effects arise out of a 
mechanical deformation produced, in part, by the polartzaUon of the 
micelle under the applied field; orientation conditioned by the lines of 
flow at a given rate of shear and the thermal citation would also appear 
to be a simiificant factor. A theoi^ is worked out on the assumption that 
the partifiM^r complete neutralization of the micellar charge in coagulation 
when external el^rolytes are added, differs in degree but not in kind 
from (i). 

61. Studies of the viscosity of colloids by th& oscillating 
cylinder method during ‘slow’ coagulations and under 
fields due to alternating potentials. 

D. SiTBBA Bao, Benares. 

In the course of numerous publications by Joshi and co-workers 
from these laboratories it has been reported that a marked limitation 
obtains in the use of viscosity to follow the pro^ss of a given coagulation. 
In view of the importemce of issues involved, it was considered desirable 
to carry out viscosity measurements for colloids subjected to coagulation 
by an additional method. The method of the oscillating cylinder which 
we have adopted in the present work is also free from the excessive rates 
of shear ‘which obtain in all capillary types of viscometer, used in our 
earlier work. The arrangement was also convenient to study the influence, 
on the viscosity of a liquid, of superimposing fields due to alternating 
potentuds. 

The following ooUoids prepared by the usual methods were studied 
at different ^utions: arsenious sulphide, manganese dioxide, ferric 
hydroxide, prussian blue, mercuric sulphide, vanadium pentoxide and 
aluminium hydroxide, (i) in the presence of differently concentrated 
solutions of KCl, BaCls, Aids and Th(N08)4 (“) under the action 

of the eleotrio fields, if the viscosity was determined by a detennination 
of T the period of oscillation and of A the logarithmic decrement, produced 
by giving an extremely small rotational impulse to the izmer cylinder 
immersed in the colloid, from the equation, 

im f A->. /A-Ao\«^« 

,pTt*{r+SdiH w n J S 

where I is the moment of inertia of the izmer cylinder, r its radius and d 
the height; p is the dei^ty of the liquid. 

5B 
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These iiieaeoreixieiita have fully confirmed the earlier findings 
of Joshi and oo-worhers that the commencement of a dow cpagulatioik 
is almost ^ways char^terused by an initicd diminution of 19 . Ftirthisnnore* 
17 varies time>disoontmuously or zonctUy during the progress of every one 
of the coagulations which has been investigated by tins methodt and 
that numerous ooagulations entailed an overall diminution of ff below the 
initial value* which is contrary to the current view that 17 should rise during 
coagulation. 

When cdtemating electric potentials were applied to the inner 
oscillating cylinder, the outer one being earthed, in every one of the 
cases studied, the viscosity first diminUhed to a minimum; it remained 
either at the minimum or showed a subsequent increc^e on a prolongation 
of the exposure to the fields. 

62. Ageing of molybdic acid sol. 

T. Bai^bbjee, Dacca. 

Measurements of viscosity and bound water of freshly prepared and 
aged molybdic acid sols (cono.-^‘025ilf with respect to molybdate) indicate 
that hydration plays an unimportemt r61e in the ageing of the sol. The 
result on the effect of irradiation and heating of &eshly prepared and aged 
sols, whereby the particles of molybdic acid decrease in size, go clearly to 
show that in the case of molybdic acid sol agglomeration of simpler 
molecules to aggregate molecules cem better explain the observed ageing 
effect. 


63. Studies in soap gels in pinene. 

Mata Pbasad and C. V. Vishwanath, Bombay. 

The times of setting {t) of gels containing different amounts (A} 
of sodium oleate, sodium palmitate, sodium stearate and potassium 
oleate in pinene have been measured by Fleming's method, at different 
temperatures (T). Straight lines have been obtained when (i) values of 

log A are plotted against log t, and (ii) values of log t are plotted against ^ . 

The cooling curves of sodium stearate gels in pinene have been 
studied at different temperatures during sol-gel transformation. 

Viscosity measurements of sodium oleate gels in pinene have been 
made by Falling sphere method at different temperatures with different 
cunounts of the gelling substeuice during setting. When values of viscosity 
are plotted against time straight lines are obtained and the straight lines 
for different sodium oleate content of the gels are almost parallel to one 
another. 

64. Hysteresis in sorption. I. Permanence of the hysteresis 

loop. Titania gel-water system. 

K. SuBBA Bao, Bangalore. 

A technique involving the use of a McBain-Bakr airing balance 
of quartz fibre has been employed in the study of hysteresis in sorption. 

In the sorption of water at 30*^0., titania gel exhibits a hysteresis 
loop which is of remarkable permanence and reproducibility, the hysteresis 
loop hav^ been traced after thirty-two sorptions and desorptions. Such a 
hy^resis loop is satisfactorily explainable only on the ba^is of the concept 
of cavities with constricted ends. * 

After four and hedf months from the oommencemrat of the first 
sorption^ the hysteresis loop suffers a *drift*, which indicates a structural 
ehfuige in the gel resulting in the variation of the size of the oapillaxies. > 
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65. Hyateresis in sorption, n. Scanning of the hysteieBis 

loop. Titania gel-water system. 

K. Sttbba Ba. 0 , Bangalore. 

Application to the sorption and desorption isotherms of water on 
titania gel at 30^0. (c/.. Part I), of the Lsuigmuir and WilUams-Henry 
equations for monomoleoular aororption, shows a clear transition 
monomolecular adsorption to capillary condensation. 

The hysteresis loop has been scanned by traversing it from various 
intermediate points on the sorption and deierption curves forming the 
hysteresis loop. The scanning of the loop has revealed the foUowhig 
characteristics : — 

(а) From any point on the main sorption curve if desorption is 

efieot^ the main desorption curve is re€K)hed. 

(б) But from any point on the main desorption curve, if sorption 

is effected the main sorption curve is not reached but a 
separate curve is traced till the peak of the hysteresis loop 
is reached. 

These characteristics focus on to the concept of cavities with 
constricted ends as a general cause of hysteresis in sorption. 

The mechanism of the processes of filling cmd emptying of cavities 
has been considered. 

Different ways of reaching a point on the main sorption and desorption 
curves forming t^ hysteresis loop have been indicated. 

The results on the scanning of the loop indicate that a cavity 
completely filled with water, gets emptied only when it is exposed to a 
relative humidity less than what is required for water condensed at the 
neck of the cavity to be in equilibrium with the water vapour. 

In accordance to the cavity concept, the true equilibrium curve is 
the sorption curve, because along the desorption curve the cavities retain 
the liquid in a mel^table equilibrium. 

66. Hysteresis in sorption. 111. Permanence and scanning 

of the hysteresis loop. Silica gel-water system. 

K. SxTBBA Bao^ Bangalore. 

In the sorption of water at 30^0., silica gel has exhibited a hysteresis 
loop which remains permanent cmd is perfectly reproducible, the loop 
having been traced at the nineteenth sorption and desorption. 

The hysteresis loop has been scanned by traversing it from vcurious 
points on the sorption and desorption curves. The scanni^ of the loop 
has revealed certain characteristics which are in conformity with those 
of titania gel-water system (c/.. Part II). These characteristics form a 
convincing proof of the concept of cavities with constricted ends as a 
general cause of hysteresis in sorption. 

A comparison of the hysteresis loops of silica gel-water and titania 
gel-water systems has been made. 

67. Hysteresis in sorption. IV. Penuanenoe and scanning 

of the hysteresis loop. Silica gel-carbon tetradiloride 

system. 

K. SxTBBA B>ao, Bangalore. 

A series of sorptions and desorptions of carbon tetrachloride at 30^0. 
on silica gel have exhibited a hysteresis loop of remarkable pe r m a n e nce 
and reproducibility, the loop having been traced at the eighth sorption 
and desorption. 
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A oomparison of the hysteresis loop with that of silica gel^waterinrstem, 
as regai^ the d^pe and size of the loops, has been made m< the light of 
the cavity concept. 

The permanent and reproducible hyster^is loop has been scanned 
by traversing the loop from various intermediate pomts on the sorption 
am desorption curves. 

The general characteristics as revealed by scanning of the hysteresis 
loop are m conformity with those of silica gel-water (c/.. Part III) and 
titania gel-water (</•» Part II) systems. These characteristics are quite 
independent of the nature of the adsorbent and the adsorbate but are 
solely connected with the shape and size of the cavities. They point to 
the cavity concept as the general explanation of the hysteresis effect in 
sorption. 

68. Hysteresis in sorption. V. Permanence, scanning and 

drift of the hysteresis loop. Ferric oxide gel-carbon 
tetrachloride and ferric oxi^ gel-water systems. 

K. SuBBA Bao, Bangalore. 

A series of sorptions and desorptions of carbon tetrachloride at 30^0. 
on ferric oxide gel has shown a permanent and reproducible hysteresis 
loop, the first, second cuid third hysteresis loops being identical. 

The permanent and reproducible h3n3tere8iB loop in ferric oxide gel- 
carbon tetrachloride s^tem has been scanned by traversing the loop 
from various intermediate points on the sorption and desorption curves. 
The characteristics of the results are in conforroity with those of titania 
gel-water (c/., Part II), silica gel-water (c/., Part III) and silica gel-carbon 
tetrachloride (c/.. Part IV) systems. These charekoteristics being indepen- 
dent of the nature of the adsorbent and the adsorbate but depending 
solely on the shape and size of the cavities in the porous adsorbent, point 
to the cavity concept as the general explanation of hysteresis in solution. 

In the sorption of water vapour at 30'^C. ferric oxide gel exhibits a 
hysteresis loop which as a result of successive sorptions and desorptions 
reveeds several unique and interesting phenomena such as: — 

(а) The continuous decrease in the sorptive capacity at satur^ition 

pressure indicating a decrecuse in the total capillary volume. 

(б) The decrease in the area of the hysteresis loop indicating a 

decrease in the cavity volume. 

(c) The drift of the hysteresis loop, away from the axis other than 

that of pressure indicating a widening of the cavities and 

their necks. 

(d) The tail end of the hysteresis loop terminating away from the 

zero pressure indicating the widening of £dl the molecular 
' necks. 

(e) The retention by the gel of a definite amount of water 

irreversibly, at the end of first desorption. 

In the light of the cavity conc^t, the above interesting phenomena 
r^eal the coalescence of the colloidal particles of ferric oxide gel, into 
bigger aggregates, during successive sorptions and desorptions. 

69. Hysteresis in sorption. VI. Disappearance of the hys- 

teresis loop, ^e rdle of elasticity of organo-gsls in 
hysteresis in sorption. Sorption of m^ter on some 
cereals. 

K. SvBBA Bao,' B angalore. 

^ A Berie. of aoiptioxis and deeoiptions of water vaponr at 30*0. on 
activated rioe and dhal grains have revealed the uniqpw colloidal bdtavioiir» 
namely the diaaqppearaaoe of the hysteresis loop iniually exhibited. 
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An naqplaimfcion of tldfl idipnomeiiQn» baaed on the oavity oonoept* has 
been o&etwL By virtue of their property of awdling^on the imtilbitjon 
of water, the grama become etLaatic and oonaequently the oavitiea with 
elaatio waXla loae th^ pkopco^ of entrapphig water. Thia xeanita in the 
•diaappearanoe of Ihe hyatereaia efifeot. 

A aeriea of aorptiona and deaorptiona of carbon tetrachloride at 
30^ on the activated rice grain haa a^wn a permanent and reproduoible 
hyatereaia loop. 

There baa beoi a atriking aimOarity, in the behaviour, in regard to 
hyatereaia in aorption of grama like rice and dhal and plant exudate 
like g^ arabio. 

The mveatigationa on the few typical organo-geb have revealed the 
r61e, in the disaimearaaoe of the h^ratereais loop in aorption, of the elaaticity 
of ofgano*gel8 wmoh swell on the imbibition of water. 


70. HyateresiB in sorption. VII. Scanning of the hysteresis 
loop. Alumina gel-water system. 

K. SuBBA Bao, Bangalore. 

In the sorption of water vapour at 30^C. alumina £^1 exhibits 
a permanent and reproduoible hysteresis effect. 

The hysteresis loop has been scanned by traversing the loop firom 
various intermediate points on the sorption and desorption curves. The 
•oharaoteristios of the results on scanning are in conformity with those of 
titania gel-water (o/., Part 11) and silica gel-water (c/., Part ni) systems. 
These characteristics which are explicable only on the idea of cavities 
having narrow necks, point to the cavity concept as the general explanation 
of the hysteresis effect in sorption. 


71. On Donnan membrane equilibrium. 

S. O. Ghaudhxtby, Calcutta. 

By the application of the distribution law of Boltzmann to systems 
in membrane equilibrium it has been shown that for the theory of the 
Donnan membrane equilibrium to hold good, it is necessary that i7«, the 
membrane potential, should be negligibly small under the conditions 
EmP 

•of experiments. When < < 1, where Em is the membrane potential, 

B, Tp and F have their usual significance, it has been found that 
(a+)^ + (C-)^ = (C+)^ + (C-), 

where (0+)^ and ai^ the oonoentrations of positive and negative 

ions in the colloid compartment and (0+)^ and are the conoentra- 

EmF 

tions of the respective ions in the other compartment. When is 
greater, we have (0+), + (O-)^ - {(0+), coA where 


- Nt or (Ni N,)i. 
negative ions. 


Ni and are the values of positive and 


72. Adsorption from the binary system benzene-ethyl-aloohol. 
<Mi 88) NAGAMAKXlttAttA Bao and S. K. JK. Jatkab, Bangalore. 

The selective admnqption of the oozaponents of this system diows 
**3* type of curves Ibr sugar charcoal (aotmted by Hf and OOg) and for 
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4Bilioa gel and blood ehaveoaL * 17 ' type of oorvee were obtained in tbe 
eaae of eugar oharooal (activated in steam and OOf) and norit. The 
ehape of the adsorption isotherms is explained on the basis of complex 
formation and association of polar molecules to form non-polar ones* 
!nie m a xim a in the selective adsorption of this system occur at the 
composition corresponding to OeH., 3CoH«OH, indicating the complex 
formation between the associated alcohol molecules with one of benzWie. 

73* Adsorption from the binary system benzene-aoetio add. 
(Miss) Nagakani Shama Bao and S. K. K. Jatkab, Bangalore. 

The selective adsorption curves of acetic acid firom benzene solutions 
in the entire range of concentration on (i) sugar oharooal and (ii) blood 
charcoal, were of *S* type passing through a negative maximum at com- 
position corresponding to O5H5, 2(GH3000H)2 and a positive maximum at 
GeHe> (CHaCOOH)^* It is interestir^ to note that the polarization curve 
for this system passes through a maxiimim at the former composition. 

Silica gel gives an inverted *U’ type of curve, acetic acid being 
preferentially adsorbed. The curve passes through a maximum when the 
composition is OeHe, (CHsOOOH)2. It appears from these results that 
•acetic acid molecules can form loose co-ordinate compounds with 
benzene, 

74. Study of base-exchange reactions and buffer ourves of 
Indian red and laterite soils. 

S. P. RAYOHAtTDHXJBi and P. K. Bastjraiohattdhubi, Dacca. 

In the present paper the chief base-excheuige properties of a number 
of profile samples of red and laterite soils of India have been studied. 
This includes the study of pH, percentages of air-dry moisture, percentages 
of degree of saturation, b\:^er curves and the infiuenoe of the percentages 
of free alumina, free iron oxide, free silica and percentages of organic 
carbon on the nature of buffer curves. Buffer ourves were also studied 
with minerals like limonite, bauxite, halloyshie, kaolin, and mont- 
morillonite and with ignited and non-imted electrodialyzed gels of iron 
oxide, cfiumina and silica and with Merck's humic acid. The relative 
absorbabilities of Li, K, Na and Ca by ordinary air-dry and electro- 
dicfiyzed soils have been compared. In order to observe closely the effect 
of free silica, free alumina and free iron oxide on the nature of buffer 
curves, three soil samples were treated by the method of Truog and co- 
workers and the buffer ourves of the residues have been opmpared with 
those of original soils. The results show in general that the nwtorial 
which is responsible for base-exohcmge reactions and buffer capacities is 
•accumulated iu vcvying amounts at different layers of the profiles. The 
manner of variation of this active soil material down the profiles may 
prove useful in soil survey and soil classification. It has been suggested 
tentatively that the following substances which may be present in the 
soil to greater or leas extent may be responsible for the buffer values of 
the soil at di&rent pH ranges: — alumina, oxide of iron, humic acid, and 
silica. The relative adsorbabilities of alkali metal oations from their 
buffered solutions by soils follow generally the well-known lyotropic 
series K>Na>Li. The removal of free sesquioxides and free silica from 
the soils increase the buffer capacities of the residues. 

76. Studies in the physioo-chemioal changes in the black cotton 
soil during nitrification. ^ 

Mata Pbasad and N. K. Patwabbbak, Bombay. 

Nitrification, in the Black Cotton Soil from the Malwa Plateau due 
to the added ammonium sulphate at ^5 lbs. and 50 lbs. N-eqiiivalent 
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per «ove, under laboratory oonditioxw (pot eroerimente) during tlie Bombay 
xaomoon, baa been followwl by tba study of the TdiyBioo-ohemioalproiijertiee* 

With the advance of the nitrification thm ie an increase in the 
hygroeoopie moisture, the exchangeable calcium, the exchange oapaoity, 
the ofgamc carbon and the 0/K ratio in the firerff two months from tne 
start, but in the next two months these values once again decrease and 
come back to the normal. The exchangeable sodium and potassium 
decrease continuously throughout the experimental period, on account of 
treatment, while the amount of the exchangeable magnesium is not affected* 
The clay contents of the soil remain fairly constant. 

When small doses of ammonium sulphate are administered there is 
in general no deterioration in the soil structure. But the improved crop 
yields lead to the conclusion that the fertility of the soil is definitely 
increased. 


76. The properties of clay salts. ♦ 

S. K. Mxtkhebjee, Calcutta. 

days saturated with metal ions may be looked upon as clay salts* 
day salts prepared from hydrogen clays obtained from two acid soils have 
been used in this present study which deals with the following topics: 

(1) The variation of the specific conductivity (ap. cond.) and cataphoretio 
speeds (c.v.) of particles with the concentration of the colloidal salt. 

(2) Interaction of clay salts with hydrochloric acid* 

The variations of sp. cond. and c.v. with the concentration of the 
clay salt are not linear emd the curves run concave towards the concentra- 
tion axis. The interaction of the clay salts with hydrochloric acid was 
studied by means of potentiometric titrations. The exchange of cations 
for H"*" ions as calculated from the amount of acid required to reach the 
inflexion point in the titration curve follows the order of the irregular 
cation effect. This is expected in view of the fact that the interaction 
with HGl takes place maimy in the region between pH 8*6 and 6*0. These 
pH values correspond to the average pH values of the clay salts and the 
pH near about which inflexion occurs. In this region the order of adsorp- 
tion of cations is that of the irregular cation effect observed in the interac- 
tion of bases with hydrogen clays. The variation of silver ion concentra- 
tion determined electrometrioally with dilution of silver clay is not linear 
but the curve runs concave towards the axis of concentration. 

77. Variations in the properties of sub-fractions of hydrogen 

bentonites with the particle size. * 

B. P. Mitba and Sbankamanakba Mookerjbe, Calcutta. 

In continuation of previous work on sub'&actions of hydrogen 
clays (Mitra and Ohakravarty, Proc, 26th Ind, Set, Cong,^ III, p. 184, 
1039) a study has been made of the variations in the prox>erties of six 
sub-firactions of a bentonite from Hati-ki-dhani having mean particle 
sizes 0*76/*(I), 0*38/i(n), 0*18/i(m), 0*0^(IV), 0*038a*(V), and <0*026/z 
(VI). The hydrogen bmtonites prepared from these sub-fractions by 
reputed treatment with a dilute mineral acid have, like the hydrogen 
clays, a pronounced acid character. They give characteristic titration 
curves with bases which have more or less the same form with the exception 
of fraction V. The total neutrsJizable acid in milliequivedents of base 
per 100 grams of the oven-dried colloid calculated at the inflexion jioint 
of the titration curves tends to increase as the particle size decreases. 


* The work has been ceuxied out under a scheme of research 
financed by the Imperial Council of Agricultural Besearch, India. 
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The coameBt and the finest fractions have total acids 49*5 and 75*0 with 
NaOH. Fractions HI* and IV have nearly the same total acid which 
is about 60*0. The total acid of fraction V is 55*0 which is somewhat 
smaller than the next three coarser fractions. The chemical composition 
of this fraction is different from that of the others wldch have nearly 
the same composition. Unpublished work of S. N. Bagchi from this 
laboratory farther shows that fraction V has a mean refractive index and 
appeflurance under the microscope quite different from those of the other 
fractions. The analytical, electrochemical and optical data thus all point 
to a different mineralogical make-up of fr€w;tion V compared to the other 
fractions. 

The total acid (T^) per sq. cm. of the external surface of the fractions 
calculated assuming spherical particles does not remain constant (even 
for fractions 11, HI, IV, and VI which have practically the same chemical 
composition) as would be expected if the reaction with the base were 
confined to the surface. On the other hand, increases with the particle 
size indicating that the particles have considerable inner surfaces and/or 
fredi layers are continiWly made available as the outer layers re^t 
with the base. An almost complete dissolution of the finest fraction 
was observed on titrating with NaOH to pH 9*0. 


Organic Chemistry 

78. Studies in long-chain acids (IV): On an attempted 

synthesis of aleuritic acid. 

P. C. Mitteb and S. M. Mukhbbji, Calcutta. 

On oxidation with Caro’s acid, cyclohexanone gave co-hydroxy hexoio 
acid, the ethyl ester of which gave, on treatment with PBra the correspond- 
ing bromoester B.P, 125®-127716 mm. On treatment with sodium 
methoxide in methyl alcohol, this gave ethyl 4o-metho3^ hexoate B.P. 
94®«94®/51 mm. The ester, on Bouveault reduction with sodiim and 
ethyl alcohol, gave co-methoxy hexyl cklcohol B.P. 112®/18 56% 

yield. The above alcohol was converted into the corresponciing bromide 
B.P. 98®-99®/19 mm., with phosphorus tribromide and pyridine. 

The Grigaard compound corresponding to the above, was condensed 
with 9-methoxy 8, 9-dibromo nonyl chloride, prepared according to the 
method of NoUer cmd Bannerot {J,A.O,S,, 1934, 56, 1563). I^e cc>ndensa- 
tion product was dissolved in butyl alcohol and refluxed with zinc dust 
for ten hours. After removal of zinc, the residue was washed with dilute 
hydrochlorio acid and then with water, dried and then subjected to frac- 
tional distillation. 

CH 80 CH 2 (CH 2 )fiCH«CH(CHa) 7 Cl was found in the fraction boiling 
at 198®^204®/6 mm. 

79. Stereoisomerism of cyclohexane derivatives. The synthesis 

of 4-methylcyclohexane-l ; 1-dicarboxylic and 3- 
methylcyclohexane-l : l-dicarboxylic acids. An evi- 
dence for the multiplanar forms of the cyclohexane 
ring. 

R. D. Dbsai and 6. S. Sahabiya, Bombay 

Each of the acids mentioned in the title of the paper has been isolated 
in two stereoisomerio forms. This fact can only be explained on the 
assumption that the cyclohexane ring is multiplanar. The previous 
attempts of the authors in collaboration with Dr. R. F. Hunter to prepare 
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the etarefnlew inodifloetkmB of l-oearbozy-t-inethjrl, -S^methyi- aiid-^2« 
moai3rl€^€lohex3ana«l<4UMto aoids wem not snooeisfiil as only two fonna 
ooiild be isolated in each ease* 

80« The chemistry of alkyl-oyolopentanones. Part IV, 
Synthesis of l-oarboxy-S-methyloyolopentane-l-a-ben- 
sylaoetic, l-oarboxy-oydopentane-l-a-benzylaoetio and 
l-oarboxy-oyolopentane-l-ot-propionio adds. 

B. D. Dbsai and G. S. Sahabi7A, Bombay. 

By the action of benzyl chloride and methyl iodide on the sodio* 
derivatives of the dicyano esters obtained by condensing ethyl^sodio* 
cyanoaoetate with the cyanohydrins of osnclopentanone and 3-methyl 
oydopentanone, and hydrolysing the resulti^ esters with dilute sulphuric 
acid, the adds mentioned in the title of this paper are obtained. These 
acids were prepared for instituting a comparison with their cyclohexane 
and alkylcydohexane analogues prepared by the authors in collaboration 
with Dr. R. F. Hunter. 

81. Condensation of d-camphorcyanohydrin with aromatic 

amines. 

T. B. Chandrashbkhab and B. D. Desai, Bombay. 

pesai, Kama!, and Momin (Jour. Unw. Bombay, 1937^ 6 (2), 86 } have 
described the condensation of various arylcunines with d-oamphoroyano- 
hydrin. These observations have now been repeated with d*oamphor- 
cyanohydrin, which has been found to condense less readily than the 
inactive modldcation. The molecular rotation of the various 1 -arylamino- 
camphane has been measured, and it has been observed that though 
these compounds have the dextro rotation, their oarbamyl derivatives 
gave invariably the laevo -rotation. 

82. On synthesis of santalol and related compounds. 

P. C. Guha and A. Kuppxjswami, Bangalore. 

With the ultimate object of synthesizing the sesquiterpene alcohol, 
santalol, the syathesis of some of its simpler degradation products, viz. 
teresantalic acid, teresantidol, etc., has b^n unc&rtidren. Camphor has 
been sulphonated to ^ve camphor 8 -sulphonio acid, the sodium salt of 
which on treatment with PCI 5 gives camphor sulphonyl chloride (Kipping 
and Pope, 1893, 63, 663 ; 1896, 65, 367, 377). It has been converted 

to 8 -ohloTo-oamphor (1) by the application of heat. Conversion of (I) 
into the chlorotrioyolene derivative ( 11 ) and also into teresantedic acid 
(in) and teresantfldol (IV) is being investigated. 
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83. On a new method of synthesis of the norbomylane system. 

P. C. GimA and V. B. Sbenivasan, Bangalore. 

The soditun derivative of ethyl malonate was condensed with ethyl 
a-bromopropionate to give the ethyl ester of propane-1 : 1: 2-trioar- 
boxylio acid (I)* The sodium derivative of (I) in turn was condensed with 
eriiyl /3-bromopiopionate to give the corresponding tetracarboxylic ester 
(II) (b.p. 177-8072-3 mm.). Hydrolysis and decarboxylation of (II) 
gave the correspondmg tricarboxylic acid (m.p. 180®). The acid was 
estexiiBed and cydhsed to the corresponding cydopentane derivative (HI) 
(b.p. 150 - 5372 ^ mm*)« The sodium derivative of (III) was then con- 
densed with ethyl bromoaoetate to give the corresponding cydopentane 
derivative. This on hydrolysis and decarboxylation gave an add (IV) 
(m.p. 207®). 

The ethyl ester of (IV) is being oyolized to a norbomylane derivative 
(V). 


COgEt 

I 

CH CHMe 


CH g — — OJhL — "C O 


OOgEt 

(lU) 

84. A theory of colour on the basis of molecular strain. 
Partra. 

SiEHiBHTTSHAN DuTT, Allahabad. 

In accordance with a 'Theory of colour on the basis of molecular 
strain’ advanced by the present author, the true nitroso group (N » O) 
is the most fruithil source of intense .colour amongst Orgamo coz^unds 
due to the high degree of molecular strain contahied therein. For this 
reason, the nitroso groi:^ has always a tendency to lose the internal strain 
by oxidation, reduction or by the formation of an isonitroso cmnpound by 
migration of a lid^ hydrogen atom in vicinity. But under certain 
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oixowmttume, a weakly strained isonitroso oompoond may pass into a 
hu^y strained nitroso oompdund with consequent development of intense 
colour, by the same process of migration ox a hydrogen atom, whereby 
an oxiinino-ketonio structure gets converted into a nitroso-enolic structure* 
This structured change takes place by the action of idkalies and organic 
bases, whereby the weakly acidic ozimixio-ketomc form becomes converted 
into a strong^ acidic nitroso«enolio form, which latter becomes stabilized 
by salt formation* 

From a study of a large number of isonitroso compounds, the present 
author has come to the conclusion that wherever there are a number of 
possibilities of tautomerism of the oximino-ketonic form into the nitroso* 
enolio form, the greatest development of colour is produced. 

86. Halogenation. Part XXXIII. Halogenation of oc-methyl- 
naphthalene. 

P. S. Vabma and P. B. Bhattachabya, Benares. 

This paper describes a few experiments on the direct halogenation 
of methyl-naphthalene cmd 4-bromo-l-methyl naphthalene. 1-Methyl 
naphthal^e gives on chlorination with chlorine (1 mol.) in presence of 
iduminium chloride, 4-chloro-l -methyl naphthcdene, b.p. 177-180713 mm., 
piorate, m.p. 104-105^ and with bromine in presence of iron in sunlight 
4-bromo-l-methyl naphthalene, b.p. 166-160®/9 mm., piorate, m.p. 
125-126®. On iodination with iodine in presence of sodiiun persulphate, 
4-iodo-l -methyl naphthalene, b.p. 162-166®/! 1 mm., picrate, m.p. 96-98® 
and also 2-iodo-l -methyl naphthalene, b.p. 188-189®/!! nun., piorate, 
m.p. 106-108®, the latter obtcuned before from 2-amino -1 -methyl naph- 
th^ene (Scholl and Montash, 1918, 39, 231-236). 

With chlorine (1 mol.) 4-bromo-l-methyl naphthalene gives 4-bromo- 
6-ohloro-l -methyl naphthalene, m.p. 72-73®, b.p. 186®-190®/9 mm. while 
with bromine (1 mol.) at 100®, 4 : 6-dibromo-l -methyl naphthalene, 
m.p. 100-101® is obtained. 4-Bromo-5-iodo-l -methyl naphthalene, b.p. 
200-203®^16 mm. is prepeued by iodinating 4-bromo-l-methyl naphthcdene 
with iodine in presence of sodium nitrite and fuming ^phurio acid. 
4-Bromo-l -methyl naphthadene at 250-260® gives 4-bmmo-l -naphthyl 
methyl chloride, b.p. 205-2 12®/ 13 mm. 

86. C-alkyl resorcinols. Part IV. The mechanism of nuclear 
alkylation of polyhydric phenols by alkali and alkyl 
iodide. 

R. 0. Shah, Bombay. 

The mechanism of nuclear alkylation of polyhydric phenols by 
idkali and cdkyl iodide, fbr which no explanation has been hitherto 
available, is suggested. The reaction essentially consists in the addition 
of idkyl iodide to the double bond between the carbon atom bearing 
the hydroxyl group and the neighbouring carbon atom* This also 
satisfactorily explains the alkylation in the 2-position which takes place 
in the case of reacetophenone methyl jS-resoroylate, jS-resorcylaldehyde, 
etc*, this being due to the fixation of the double TOnd by chelation between 
the hydroxyl group and a group Uke acetyl or ocubethoxy. 

87* On a new method for the preparation of tertiary amines 
Part I: n-Propylbenzylaj^ine* 

Bawa Kabtab Singh, Allahabad, and Pabmbshwabi 
Pbasah, Patna. 

The method was originally described by one of us (Sinfi^ Tnms, 
Ohe^, 300*9 1916, 109, 780) and the work is a continuation of that carried 
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out in oonjunction with M. K. Srinivaean (tmpubliahed). In the present 
paper, n-propylbeos^laniline and its salts, e.g« piorate, hydrochloride, 
platiniohloride and the methoiodide as described. 

^ The reaction, on which the preparation of the tertiary amine is based, 
incidentally illnstmtea that a quinquivalent nitrogen atom cannot be 
joined to five positive or hydrocarbon ladides: one of them must be an 
electronegative element or group. 

The present work affords the strongest evidence that the co-valency 
of nitrogen is limited to four. 


88. A general method for the conversion of an aromatio 
carboxylic acid to the corresponding aldehyde. 

M. V. Shibsat and B. C. Shah, Bombay. 

A new method for the conversion of an aromatio carboxylic acid 
to the corresponding aldehyde, he^ been previously reported (Ghadiali 
and Shall, Ind, Sd, Oang., 1936 Abs.). Thus benzoic acid has been con- 
verted into benzaldehyde through the following stages: — 


Ph-c/^ ►Ph- 

\OH 


O 
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yN~Ph 

Ph~Cr 

XNH-Ph 


ClCOOEt 


Ph- 


N-Ph 

c<; 

\N~Ph 

dooEt 


yNHPh 

Al-Hg Ph-CH< 

► \N~Ph 

Beduction | 

COOEt 


HsO 


Ph-OHO. 


The method h€w now been tested with a number of d^er^tly 
substituted benzoic acids. It has been found to be of general applicability, 
the yields being satisfactory throughout. It is noteworthy that it can be 
successfully used even for the preparation of hydroxy udehydes, with 
the modification that the acid is methylated and converted into the 
methoxy-benzamidine, which is demethylated by Aids to the h^droxy- 
benzamidine. 


89. Synthesis of aldehydo-hydroxy-benzoic and -naphthoic 

acids. 

(Miss) K. S. Radha, R. D. Dbsai, and R. G. Shah, Bombay. 

The fQmthesis of 2 : 4-dihydroxy-6-aldehydo-benzoio acid by the 
action of hexamethylene tetramine on methyl-/?-resoroylate has been pre- 
viously reported {Proc. 27th Ind, Sd, Congress, 1940, p. 76). The formyla- 
tion by hexamethylene tetr€uimie of methyl ester of pyrogallol carboxylic 
acid, methyl l-hydroxy-2-naphthoate and methyl 2-hydroxy-3-naphthoate 
heus now been successfully studied. The products are shown to have the 
constitutions of 2 : 3 : 4-tribydroxy-6-aldehydo-benzoio acid, l-hydioxy-4- 
ald^ydo-2-naphthoio acid and l-aldehydo-2-hydroxy-3-naphthoio acid 
respectively. 

90. SyntbeEOB of /}-/5-disub8tituted acrylic adds. 

B. D. Dbsai and (Miss) K. S. Badha,. B ombay. 

/3-Hetonio esters react readily with phenols in presence of vanoiu 
condensing agents giving coumaiins. It was thought that if the aromatio 
hydrocarbons themselves were made to react with these ketonio esters 
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fa the presenoe of oertaia oondensizig agents^ the leaotioa would afford 
a good method of synthenong di- and trisubetituted aofylio adds^ Tt 
waa only in the preeenoe of anhydrooB aluminium ohloxide that benasane* 
toluene, m-xylene, p-zylene and naphthalene reaoted with aoeto<aoetio 
eater giiring the eiq>eoted acrylic acids. However, the yields of the 
varloua eondenaation jpnoducta were not aatisfaotory. We are extending 
this reaction to cydio os well as to other jS-ketonic esters. 

91. Studies in the Friedel-Craft’s reaction. Part VII. Con- 
densation of polyhydroxy phenols with acid anhydrides. 
R. D. Dxsai, H. Figitbbbdo, and (Miss) V. M. Vabil, l^mbay. 

Uliough phenolic ethers have been^ recently extensively condensed 
with dibasic acid anhydrides, their direct condensation with poly hydroxy- 
phenols has not been studied with exception of Ullmann and co-workers 




We have found that resorcinol and oroinol can be easily condensed 
with succinic as well as phthalio anhydrides with the formation of their 
respective keto-€koids. 'mese acids have been reduced, brofoinated and 
methylated. The efforts to condense pyrogallol, phloroglucinol, hydro - 
quinone, dimethylaniline, acetanilide, resaoeto-phenone, and m^hyl- 
resoroylate with these anhydrides failed. 

92. Studies in naphthalene series. Part VIII. The synthesis 

of 4-lauryl-4-palinityl and 4-stearyl-l-naphthols. 

R. D. Desai and W. S. Waravdbkae, Bombay. 

Three methods have been tried to B 3 mthe 8 ize the above naphthol- 
ketones: (1) Action of the respective acid chlorides on a -naphthol in 
presenoe of zinc chloride. (2) Action of the acid chlorides on a -naphthyl 
methyl ether and subsequent demethylation. (3) Condensation of 2- 
aoetyl-1 -naphthol with acid chlorides and elimination of the acetyl group. 
It is foimd that the third method gives the best yield of the (^ired 
compounds. Vcoious interesting products during the course of the study 
of the first two methods were is^ted and their reactions studied. 

93. Syntheses of o-methoxy and o-chloro phenyl succinic 

acids. 

R. H. SiDDiQUi, Aligarh. 

o-Methoxy benzaldehyde was condensed with ethyl oyanaoetate in 
presence of piperidine. The benzylidene derivative, obtained in light 
yellow needles, had m.p. 77°. This on condensation with KCN gave ethyl 
a-/3-dicyano-j3-o-n)6thoxy phenyl propionate, m.p. 86°. This ester on 
h;^rolysis gelded o-methoxy phenyl succinic acid, m.p. These stages 
are compared with the corresponding stages of phenyl succinic and p- 
methoxy-phenyl succinic acids and some of their dierivativeB are prepaid. 
Likewise o-chlorophenyl succinic acid is prepared from o-ohlorobenzal- 
dehyde and had m.p. 156°. 

94. The condensation of malonanilic acid with o-, m- and 
p-hydroxybenzaldehyde . 

P. I. Ittybbah and K. C. Pandya, Agra. 

In an ecurlier paper (Mehra and Pandya, Proc. Ind, Aoad, Sci,, A, 1938, 
7, 369) the condensations of several aldehydes, including the above three, 
were studied by two different methods, and the advantage of the p 3 nridine-'' 
trace method was evident. In the case of the three hydroxybenzal- 
dehydes, the products of the condensations were always the deoarboxylated 
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ttud never the bexizylidene-miJonanilio acid, no matter whether the 
pyrkline was in tiaoee or in larger amounts, according to Robinaon^e 
method. As the decarboxylation may be due to the base as well as to 
the temperature employed, an attempt has been made to obtain the acids 
by usin g a lower temperature and using no base at all. 

m- and p-hydroxybem^lidene malonanilic acids in very fair yields 
are thus obtained. The o-isomer gave only the anilide, as probably the 
ring is closed. 

In contrast to this, unsubstituted benzaldehyde gave up to 87% 
yield of the acid under t^ same conditions. 

06. Condensation of malonanilic acid with o-, m- and p* 
nitrobenzaldehydes. 

P. I. ITTYBRAH and K. C. Pandya, Agra. 

The nitrobenzaldehydes have also been studied (Mehra and Pandya, 
loo. cU,)f their condensations in the presence of a trace of pyridine giving 
good yields of the anilides only. Jnow condensed in the absence of any 
base, the three iddehydes ^ve products which, in each case, are a mixture 
of the acid and the anilide. The m-a-p-nitrobenzylidene malonanilic 
acids come out in good yields (about 75%) mixed with 20->25^ of the 
cmilide. The o- analogue is in much smaller yield and is identical with 
that reported by Ahluwalia, Haq, and Bay (J.C.S., 1931, 2059). 


96. Condensation of malonanilic acid with o-, m- and 

methoxybenzaldehydes. 

P. I. Ittybbah and K. C. Pandya, Agra. 

The condensations of malonanilic acid with the three methoxy- 
benzaldehydcs are studied, under different conditions, (i) by Bobinson’s 
method as applied by Ray and co-workers {loc, cit.), (ii) by our pyridine* 
trace method, and (iii) in the absence of any condensing reagent. 

As in the eeurlier condensations the trace method gives the highest 
yields. Secondly, when a base is present, in a trace or in largei pro- 
portions, the product is mainly or exclusively the anilide, and when no 
condensing base is present the product is mainly or exclusively the acid. 
Thirdly, the inhibiting effect of the hydroxy group is now removed, and 
the best yields in these cases are above 90%. 

All these products are purified and analyzed easily. 

97. Influence of a trace of pyridine on the condensations of 

m~ and p-chlorobenzaldehydes and m-bromobenzal- 
dehyde. 

K. C. Pandya and (Miss) Eashmi Bala Pandya, Agra. 

Condensations of m- and p-chlorobenzaldehydes and of m-bromo- 
benzaldehyde with malonio acid in the presence of a trace of pyridine 
have been studied. The unsubstituted benzcddehyde under the same 
conditions give an yield of 95% of cinnamic acid. The three halogen- 
Bul^tituted benzaldehy^s give quantitative yields, and do so very 
quickly, often within one hour. 

Lock and Bayer (Ber., 1939, 72, 1064) have reported on the influence 
of the group in substitute benzaldehydM in the con4ensations ccuried 
out under standardized conditions by Perkin’s method. According to 
them the unsubstituted benzaldehyde gave only 49% yield of cinxiamio 
acid, the p-cbloro- gave a ali^t increase, 52%, the m- gave 63, and the 
o-<fliloTo- gave the highest, 71%. 
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The pyridine-toaoe method gave moompaiablv better reenlte* ^ 

Gomqpondmg dibasic acids, Le. the benaylidene malonio acids aire 
also pfepared, ^br the first time, by a modification of the process* 

fik> also these aldehydes oonde^ with malonanilic acid, in the presence 
as well as absence of pyridine, and give new substituted zzialonamHo acids 
and oinnamanilides, oonesponding to the ald^ydes. 

It is intended to continue the work with the other halogen-substituted 
benzaidehydes. 

98. Synthesis of j3-(2 : 4-dimethoxy-phenyl)-glutaoonyl-aoetic 

acid. 

V. K. Bavadbkab, Poona. 

)3-(2 : 4-dimethoxy-phenyl)-glutaconio Wd, (I), O1SH14O6, m.p* 
174**, has now been prepaid in one st^ from 7-hydrozy-ooumarin-4- 
acetic acid (c/., Limaye, Proc. Ind. Set, uonffresa, 1932, 226). (I) gives 

an anhydride, CisH^tOs, m.p. 144^, titrating as a monobasic acid, an 
acid ethyl ester, GisHigOe, m.p. 91°, an acid methyl ester, Oi4HieOe» 
m.p. 110°, and a semianilide, OjoHioOgN, m.p. 165°. 

(I) gives on condensation with sodium acetate and acetic anhydride, 
(c/„ Limaye and Bhave, Joum. Untv, Bombay, 1933, 2 , n, 82), j3-(2 : 4- 
^methoxy-phei»l)-glutaconyl-acetic acid, 0igHi40tt, m.p. 130°, (II). 
(11) by loss of CO2 gives /3-(2 : 4-dimethoxy-phenyl)-methylene-glutaoonide, 
C1AH14O4, m.p, 104°, (in). Both (11) and (III) yield on hydrolji^is with 
duute all^i, j8-(2 : 4-dimethoxy-ph6nyl)-y-aoeto-viny] -acetic acid (IV), 
(semicarbazone, OigHigOgNs, m.p. 163° decomp.) (IV) on treati^nt 
with acetic anhydride or hydrochloric acid regenerates (III). 

99. Extension of the Nidhone process for the syntheses of 

2-aoyl-resorcins to 2-benzoyl-4-ethyl-resOTcin. 

S. H. Mehta, Poona. 

The Nidhone process for the syntheses of 2-aoyl-resoroinB (D. B. 
Limaye, Ber., 1934, 67, 12) has been extended to the synthesis of 2- 
acetyl-^thyl-resorcin (S. D. Limaye, Proc, Ind, Sci, Congress, 1939, 
II, 106). The process is now used for the synthesis of 2-benzoyl-4-ethyl- 
resoroin. 

Benzoate of 6-ethyl-4-methyl-umbelliferone, m.p. 166°, gave on 
treatment with anhydrous aluminium chloride (Fries migration), 8- 
benzoyl-6-ethyl-4-methyl-umbelliferone, (I), m.p. 169°, CieHie04. (I) 
gave its acetate m.p. 162° and benzoate m.p, 189°. On hydrolysis 
with sodium hydrCxide (I) yielded 2-benzoyl-4-ethyl-resorcin, (II), m,p. 
120°, C15H14O3, acetone and COg* Unlike 2-ethyl-4-benzoyl-resoroin, 
mjp. 194°, (S. D. Limaye, Ph.D. Thesis, Bombay University, 1940), 
(IT) condensed with aoetoaceW ester in the presence of concentrated 
sulphuric acid — a behaviour in keeping with that of 2-aoyl-resoroins. 

Condensation of (11) with sodium acetate and acetic anhydride has 
yielded a product, m.p. 161°, which is under investigation. 

100. Syntheses of (2 : 4-dialkoxy-phenylene-l : 6)-6w.glyoxylio 
acidfi. 

P. J. C. DbSotjza, Poona. 

Oxidation of the dimethyl ether of 4 : O-diacetyl-resoroin (Bijkmann 
St ai, Ohem. Zentr., 1906, 1 , 816), with KM11O4, gave a new acid, CigHioOg* 
m.p. 226°, in addition to the known 3-car]^xy-4 ; 6-dimethoxy-phenyl- 
glyoxylio acid,. OiiH^oOr, m.p. 243°. The new acid has been assigned 
the constitution (2 : 4-dimethoxy-phenylene-l : 6)-6is-glyoxylio acid, (I), 
smoe on fiirtiier oxidation with hydrogen peroxide it gave the known 
4 : 6-dimethoxy-isophiaialio acid, mup. 266°. 
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(I) gave a dimethyl eater, Ci*H ,40 g, m.p. 175**, and a diethyl ester, 
C„Hj ipOg, m,p« 138°. 

iSinilarly, (2 : 4-diethoxy-ph6nylene-l : 6)-5is-glyoxylio acid, 
C14H14O8, m.p. 254°, and (2-methoxy-4-ethox:y-phenylene-l : 6)-6<s- 
glyoxylic acid, OisH^sOs* m.p. 240°, have been prepared. 

^e new acids cue utilized for the synthesis corresponding 

dialdehydes. The 2 : 4-dimethoxy-l : 5>dialdehydo>benzene obtained 
from (I) melts at 215° (semiccurbazone, m.p. 252°). 

101. Syntheses of 2-benzyl-resorcin and 8-benzyl-4-methyl- 

umbelliferone. 

S. B. Rajopadhyb, Poona. 

2-Benzoyl-resoroin, (Limaye, Ber,, 1934, 67, 12), gave on reduction 
by Olemmensen method 2-benzyl-resoroin, (I), m.p. 85°, C13H12O2. (I) 
formed its diacetate, m.p. 83 , dibenzoate, m.p. 136°, dimethyl ether, m.p. 
54°. With aceto6kcetio ester (I) gave 8-benzyl-4-methyl-umbelliferone, 
(II), m.p. 238°, C17H14O3, which was also obtained by the reduction of 
8-benzoyl-4-methyl-umbelliferone, (c/., S. D. Limaye and D. B. Limaye, 
Supplement to Ramyanam, 1938, 1, 1-^). (II) regenerated (I) on hydro- 
lysis with sodium hydroxide. (II) gave an acetate, m.p. 156°; benzoate, 
m.p. 146°; and methyl ether, m.p. 141°. 

102. Studies on the formation of the Grignard reagent. 

S. H. Zahbbe and 0. L. Mbheotea, Lucknow. 

In our last pax>er we have mentioned the non-formation of the 
magnesium compound in case of iodo-nitro (cunino or aoetanildo) diphenyls 
and this led us to attempt a study of the influence of the second substituent 
over the formation of the magnesium compounds of mono -halogen 
derivatives of benzene and of diphenyl. Gilman 1923, 45, 150 

and 159; 1923, 45, 2462) h€ks estimated the yields of different aromatic 
hedides but extensive search could not give us cuxy literature on the 
formation of the magnesium oompoimd with nitro, eunino aromatic halides. 
We, therefore, attempted to make a quantitative estimation of the 
yields of magnesium derivatives formed from different compounds. 

The method of estimation consisted in starting with the preparation 
of the magnesium compound of the type BMgX, hydrolyzing it with water 
and estimating the amount of Mg(OH)X thus formed by treating it with 
a known excess of acid which was back titrated. From this tlie per- 
centage yield of magnesium compound formed was calculated. 

Two important fewjts were noted during the interaction of magnesium 
and aromatic halides. Firstly, the amount of ether has got a deflnite 
influence on the formation of magnesium compound and should be in the 
ratio of 4 or 5'volumes of ether to one volume of the halide, and, secondly, 
the amount of iodine used Cks catedyst should be very small. 

From the results obteuned it was found that the yield of Grignard’s 
reagent was maximum in iodo-benzene, less in bromo- and very little in 
chloro-benzene. Similar results were obtained with di-halogen derivatives, 
the yield increasing from di-chloro to di-bromo -benzene. 

But with the introduction of the nitro group as the second substituent 
the interaction totally stops and the yield is ml. Also the phenyl group 
has probably a retmding i^uenoe over the yield of mc^esium compound 
since it has been observed that iodo-benzene gives a larger yield than 
iodo -diphenyl. CHs group does not interfere with the formation of the 
magnesium complex as determined by Gilman. (Bromo-benzene 90*6%, 
iodo-benzene 95*8%, chloro-benzene *875%, m-dibromo-bbnzene 83*65%, 
dichloro-benzene 1*94%, o-iodo-dlphenyl 70*4%, and nil in cases of 
p-nitro-chloro-benzene, p-nitro -bromo -TOnzene, dinitro-chloro-benzene, 
nitro iodo diphenyl, o-iodo -nitro- benzene, and p-bromo toluene 88*16%.) 

6 
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Further work is being done on the formation of the Gn'gnard's reagent 
by the action of magneBhim.and subatituted aromatic halides. 

103. Imido gold compounds.'^ 

A. Tyabji, Bombay. 

Certain auric imido compounds can be prepared by mixing warm 
aqueous solutions of KAuBr4 or a similar salt with an imide together 
with the equivalent of KOH or the potassium derivative of the imide. 
The substances prepared firom phthalimide or saccharin were of 
type M[AuX 8 (iinido) 8 ] (X =» Br or d) cuid from sucoinimide of the 
M[AuX(imido)s]. No salt of the type M[Au(imido)^], as claimed by 
Knaraah and Isbell, could be isolated, d^ese halogen dmvatives undergo 
hydrolysis in aqueous solution with the production of the &ee acid and, 
in some cases, accompanied by a further change. For instance, the 
phthalimido compound K[Au(0gH4O2Nc)Br2] is hydrolyzed to diphthal- 
imido-dihydrozy-auric acid H[Au(C8H402N2)(0H)2] and potassium 
di-o-benzoicsulphinimido-dibromoaurate undergoes the following change : — 

8B:[Au(imido)8(Br)2]+2H20 = 3K+-f 2H+-f 2Br- 

-H 2 [Au(imido) 8 (OH)]'' + [AuBr4]“ . 

Some interest may be attached to sodium di-o-benzoicsulphinimido- 
dicbloroaurate, which was found to form extremely stable yellow gels 
in aqueous solution. All the compounds described decompose at tempera- 
tures above 200 ^ and are rapidly reduced when treated in hot water with 
Sndg or S02« 


104. Gold oo-ordination oomponnds with thioethers.* 

A. Tyabji, Bombay. 

An attempt has been made to throw light on the varying affinity 
of gold to sulphur in organic sulphides. It has also been possible to 
prepcue auroua compoimds in a very pure state by using solutions of 
bromoaurous acid HAuBrg which is easily made by treating solutions of 
BLAuBr4 in aqueous alcohol with SOg until the solution is decolourized. 

Whereas dibenzyl sulphide easily co-ordinates with halogeno-gold 
compounds to form aurous and auric derivatives, neither diphthalimido- 
dietnyl-sulphide, diamino-diethyl-sulphide nor its halogen acid salts co- 
ordinate wiih gold. DipbthalimidO'diethyl-sulphide and dibenzyl- 
disulphide are merely oxidiz^ by XAuBr4 to the corresponding sulphozides. 
The halogn salts of diamino -diethyl-sulphide form compounds of the type 
NH8XC^4S02H4NH8 AuX 4, and the free base, in contrast with ethylene 
diamine, forms totally insoluble compounds which could not be purified 
by orystEdlization and whose ^haviour may be explained by the formula 

XAu^NH8CsH4SC,H4]SfH8AuX4. 

Bromoaurous acid reacts with dibenzylsu^hide in alcohol to afford 
the dimorphous dibenzylsulphido-bromogold ( 1 ). This reacts with one 
atom of bromine to afford the reddish brown dibenzylsulphido-dibromogold 
( 11 ), with two atoms of bromine to the red dibenzylsulphido-tribromogold 

(m) cmd with one atom of iodine to the dark, hig^y re&aotive compound 

dibenzylsulphido-brmnoiodo^^ (IV). ( 11 ), (HI), and (IV) are reconverted 

to (I) by wagmhig in alcohol and ( 11 ) affords (HI) on treatment with 
bromine, Att lMiffqx>iinds app^ to be non-ionic by their solubility 
in organic h^lveots and insolubility in wat^Kk fibecial interest attaches to 

(n) aiVdiNi <diloro-anologue, which wote fSamA by the oxyosoopic method 

' ■ ' — - 

« ^ work has been dc^^ iA !P^f. 0 . S. Gibson’s Laboratory, in 

iiff of London. 

6b 
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in btomoform to be monomolecule^, whereas, in order to have the required 
eflfootive atomic number 84, these substances ^ould be bimolecular. 
Crystallographic studies of the problem are being imdertaken at Oxford. 

106. Reactivity of 6-Bubstituted resorcinol derivatives. Part I. 
The condensation of a-resorcylic acid and its ethyl 
ester with ethyl acetoacetate and malic acid. 

(Miss) K. D. Gavankab and B. C. Shah, Bombay. 

Orcinol (5*methyl resorcinol) behaves, as is well known, abnormally 
in some substitution and condensation reactions, the reactivity in some 
cases, being in the usual 4 position cmd in others, in the 2-position, e.g. 
Pechmann condensation with )3-ketomo esters gives 6-hydroxy coumarin 
derivatives while condensation with malic acid gives the 7-hvdroxy 
coumarin derivative. Further Kostanecki acytylation of oroacetopnenone 
proceeds abnormally giving a 4-acetyl coumarin instead of the expected 
bhromone (Sethna and Shah, J, Indian Chem, Soc,, 1940, 17 , 239). Sethna 
€md Shah have attributed this abnormality to the sterio effect of the 

5- methyl substituent. In the present work, the condensation of a-reaor- 
oylio acid with ethylaoetoaoetate and malic €M5id, and of ethyl a-resorcylate 
with ethylaoeto€kcetate has been studied. The products have been proved 
to have the constitutions of 7-hydroxy-2-methyl ohromone-6-carboxylio 
acid, 6-hydroxy -coumarin -7-carboxylic acid, and methyl 6-hydroxy -4- 
methyl-coumarin-7-c8trboxylate, respectively as on hydrolysis and decu* 
boxylation they give 7-hydroxy-2-methyl ohromone, 6-hydroxy-cou mar i n, 
and 4-methyl-5-hydroxy-ooumarin, respectively. 

The results, therefore, suppoii: the view of Sethna and Shah {loc, cU,) 
that the 6-8ubstituent has a profoimd influence probably due to sterio 
effect on the reactions of resorcinol derivatives. 

106. Aluminium chloride — a new reagent for the condensation 

of jS-ketonic esters with phenols. Part VII. The 
condensation of 4-nitroresorcinol with ethyl acetoacetate. 
N. B. Pabekh and R. C. Shah, Bombay. 

The condensation cf 1-mtroresorcinol with ethyl €M3etoacetate m the 
presence of sulphuric cbcid gives 4-methyl-6-nitro-7-hydroxy-ooumarin 
(Chakraveuti and Banerjee, J, Indian Chem, Soo,, 1937, 14 , 37). The 
condensation in the presence of anhydrous aluminium chloride, which 
has now been successfully carried out gives a different product, which is 
shown to be 4-methyl-6-hydroxy-6-nitro -coumarin. The formation of the 

6- hydi'oxy -coumarin derivative shows for the first time that in 4-mtro- 
resorcinol, the chelation of the 4-nitro group with the ortho-hydroxyl 
group stabilizes one of the Kekule forms by Nation of the double bond. 
Baker cmd Lothicm {J,C,S,^ 1936, 276) investigated the thermal rearrange- 
ment of the 1-c-aUyl-ether of 4-nitroresoroinol in order to ascertain 
whether one of the Kekule forms is stabilized in 4-nitroresoroinol, but 
could not obtain any definite result. 

107. The benzoylation of 6-hydroxy-6-acyl-ooumarin8 in pre- 

senoe of pyridine. 

C. V. Dbliwaijl, N. M. Shah, Ahmedabad, and R. C. Shah, 

Bombay. 

Diiring attempts to benzoylate 5-hydro3^-6-aoyl-9oiixnariii deriva- 
tives by means of benzoyl chloride in pyridine solution, the expected 
o-benzoyl derivatives were not obtained. 

Instead of the expected 6-o.benzoyl derivative, 6-hydroi^-6-acetyl-4- 
methylcoumarin (Betl^, Shah, and Shah, J,C,S,f 1938, 228) on treatment 
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with benzoyl chloride in its pyridine solution gave 4-niethyl-davono-7^ : 8^ : 
6 : 5-a>pyrone» whose constitution has been proved by its unambiguous 
synthesis from 4-methyl-6‘hydroxyooumanno-6-phenyl-8tyryl ketone 
(Proc, Ind, Sd. Oong,^ 194D, Abs., page 61) by selenium dioxide reaction. 
6-Hydroxy-6-propion;^-4-methyloouinarin on similar treatment with 
benzoyl (boride gave 4-methyl-3'-benzomethyl-flavono-7' j 8' : 6 : 6-a- 
pyrone and 4-methylooumarino-5>o-benBoylr6-dibenzoyl-ethatie. 6^ 
Hydrosy-6-butyryl-4-methylooumarin on - similar treatment gave 
4-methylooumarinD-6-o-benzoyl-6-dibenzol-propane. It appears that 
o-benzoyl derivative initially formed imdergoes rearnmgement accom- 
panied by the elimination of water molecule to give directly the flavone. 
This chs^e is analogous to that undergone by o-benzoyl-aoetophenones 
in presence of K2C03(Baker, tf.O.fii,, 1933, 1381). Recently pulverized 
sodium has been used in such transformations by Virkar and Wheeler 
(«r.0.5., 1939, 1679). In the recictions described here the pyridine plays 
the same part as K2OOS, Na and similar substances (Venkatraman and 
others, Gurr. Set., 1933, 214; J.G.S., 1936, 1767). 


108. Hetero-oyolic compounds: CJhalkones derived itom 6- 

hydroxy-6-acetyl-4-methylcoumarin. 

C. V. Dbliwala and N. M. Shah> Ahmedahad. 

6-Hydroxy-6-€M5etyl-4-methylcoum€u*in on condensation with benzal- 
dehyde in presence of caustic potash gave 4-methyl-6-hydroxycoumarino- 
6-phenyl-styryl ketone {Proc. Ind. Sci. Cong., 1940, Abs., page 61). With a 
view to prepare various coumarino-davones, this reaction has been extended 
to several aldehydes. Vanillin, protocatechuic aldehyde, )3-resorcylal- 
dehyde, etc., have been condensed and the corresponding chalkones 
prepar^. The action of selenium dioxide on these coumarino -chalkones 
has been studied in some cases and the coumeurino-fLavones synthesized. 
Attempts to prepare the coumarmo-j9avonones are in progress. 

109. Synthesis of coumarins from o-hydroxy-aryl alkyl ketones. 

Part IV. 

B. Chaeravabti, Calcutta. 

In continuation of the previous work (Chakravarti and Majumdar, 
J. Indian Chem. Soc., 1938, 15, 136; 1939, 16, 389; Chakravarti and 
Datta, ibid,, 1940, 17 « 65) l-aoetyl-2-naphthol and l-propionyl-2-naphthol 
methyl ethers have been condensed with ethyl bromo-acetate and ethyl 
a-bromopropionate and the unsaturated esters, thus obtained, have been 
converted to coumarin derivatives by heating with hydriodic acid. 

110. EfiFeot of methylation on the hydrolysis of 6-ethyl -4- 

methyl-umbelliferone . 

S. V. Pajbanjfb, Poona. 

Elimination of the flt-pyrone ring in 6-ethyl-4-methyl-umbelliferone 
(I), during alkali hydrolysis was observed by S. D. Limaye (Ph.D. Thesis 
Univ. of Bombay, 1940; cf., Proc. Ind. Sci. Congress, 1939, II, 106). Methy 
ether of (l), CisHi^Oa, m.p. 163°, (II), gave on hydrolysis with NaOH 
solution 2-hydmxy-4-methoxy-6-ethyl-/5-methyl-cinnamio acid, C13H10O4, 
m.p. 104° (d^oUtip.) (Ill) by the open^ of the a-pyrone ring. (Ill) 
on treatmeUt w^ cone. H2SO4 or sodium bicarbonate solution, suffers 
ring closure regenerating (II). (Ill) loses CO2 even at ordinary tempera- 
ture forming a sticky product. Methyl ether of (III), C14H18O4, m.p. 

^ WKi^liyifttion on the hydrolysis of (I) is that ring 
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111. Effect of butylation on the hydrolysis of 8-aoetyl-4- 

methyl-umbelliferone . 

N. K. Shiralkab, Poona. 

8-Aoetyl-4-ineth3fl-uinbelliferoiie, (Limaye, Ber,, 1932, 65, 376), 
gave with n-butyl bromide, its butyl ether, (I), m.p. 98°, CieHi804. (I) 
on hydrolysis with N NaOH (10 mols.) yielded C7V2-hydroxy-4-aoetyl-4- 
biitoxy-/5-methyl-omnamio acid, (II), m.p. 131° (decomp.), OX6H20O8, 
which readily lost a molecule of water regenerating (1). Methyl ether of 

(H) , m.p. 91°, CxTHgaOfi, (III). 

Hydrolysis of (I) with 0-26 N NaOH (7 mols.), as cdso with N NaOH 
in the presence of yellow HgO, gave <ranfi-2-hydroxy-3-aoetyl-4-butoxy-j8- 
methyl-cinnamic acid, (TV), m.p. 147° (decomp.), isomeric with (II) 
OxeHsoOs* but which readily lost C02* Methyl etW of (IV), m.p, 131°, 
OxtHj I 8O5, (V). Under the action of sunlight (III) was converted into (V). 

Thus the effect of butylation on the hydrolysis of 8-acetyl-4-methyl- 
umbelliferone, is similar to that of methylation, observed by Limaye and 
Sathe {Raeayanam, 1936, 1, 30). 

112 . Synthesis of 8-ethyl-7-hy(iroxy-2-methyl-chromone. 

S. D. Limaye and R. D. Sapbe, Poona. 

2-Ethyl-4-€K5etyl-resorcin, (I) (S. D. Limaye and D. B. Limaye* 
Raaaycmam, 1937, 1 , 101), gave on condensation with fused sodium acetate 
and acetic anhydride, an oily product which on hydrolysis with ammonia 
yielded 8-ethy 1-7-hydroxy -3-aoetyl-2-methyl-chromone, CX4HX4O4, m.p. 
160-166°, (II). (II) on hydrolysis with NaOH formed 8-ethyl-7-hydroxy- 

2- methyl-chromone, CX2II12O3, m.p. 201°, (III). Methyl ether of (IH), 
m.p. 130°, condensed with benzaldehyde in the presence of sodium, ethoxide 
to give a styrene derivative, C20H18OS, m.p. 200°, thus confirming the 
chromone constitution of (III). (Ill) on further hydrolysis regenerated 

(I) - 

The action of anhydrous aluminium chloriae on the acetates of (11) 
and (III) is being studied. 

113. Synthesis of furo-chromones from hydroxy-chromones. 

Govind Ramachandba Kblkar, Poona. 

Starting with a hydroxy -coumarone, 3-2'-dimethyl-6'-6'-furo-ohro- 
mone has cdready been synthesized by Limaye and Sathe (Ramyananh, 
1937, 1 , 87). Furo-chromones have now been synthesized by starti^ from 
hydroxy -ol^mones. 7-Acetoxy-2 : 3-dimethyl-chromone (Wittig and 
Richter, Ber„ 1926, 59B, 116) gave 7-hydroxy-8-acetyl-2 i 3-dimethyl- 
chromone, (I), C18HX2O4, m.p, 216°, (I) on condensation with brom- 

aeetic esW gave 7-(carbothoxy-methoxy)-8-acetyl-2 ; 3-dimethyl-ohro- 
mone, CxTHigOe, m.p. 139°, which on hydrolysis yielded 7-(carboxy- 
methoxy)-8-aoetyl-2 : 3-dimethyl-chTomone, (II), Cx5Hx40a, m.p. 240° 
(decomp.). (11) on heating cdone or with sodium acetate and aoetio 
anhydride gave 3-2'-3'-tri-methyl-7'-8'-furo-chromone, OX4HX2O8, m.p. 
246°. 

Similarly, 7-(carboxy-methoxy)-8-acetyl-2-m6thyl-chromone, 
m.p. 276° (decomp.) and 3-2'-dimethyl-7'-8'-furo-chromone, 
^laHxoOg, m.p. 196°; 7-(carboxy-methoxy)-8(6?)-benzoyl-2 ; 

3- dimethyl-chromone, C2oHi606> m.p. 226° (decomp.) and 3-phenyl-2'-3'- 
dimethyl-7'-8'(6' ?)-furo-ohromone, Oxg^uOs* m.p. 166° ; and 7-(carboxy- 
methoxy)-8(6 ?)-benzoyl-2-methyl-chromone, Gx9Hx40a, m.p. 260° 
(decomp.) and 3-phenyl-2'-methyl-7'-8'(6'?)-furo-chromone, CxsHxaOa, 
m.p. 193°, have idso been synthesized. 
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114. A third method for the synthesis of 6 : 8-diethyl-4-methyl- 
umbelli&rone. ' 

SmtiDHAB Battatbaya LncAYE, Poona. 

In keeping with the behaviour of 4-acyl-Fe8oroins, (o/., Haaayanam, 
1987« I« 101 )» 2^thyl-4-aoetyl-re8oroin did not condense with aoetoacetio 
ester in the presence of concentrated sulphuric acid. However, with 
phorohorus oxychloride as the condensing ag^t, was obteuned 6-acetyl- 8- 
ethyl-4-methyl-umbelliferone, (Lixnaye and Miss Ghate, Rctaaycmamt 1939, 
If 169), which on demmensen reduction gave 6 : 8-diethyl-4-xnethyl- 
umbelliferone, m.p. 137°, edready synthesized in other ways (S. D. Limaye 
and D. B. Limaye, Raaayanam, 1937, 1, 110; Proc. Ind. 8ci. CongrcBS, 
1939, 11, 105). 


116. Imido-chlorides. Part VII. Condensation of anilide- 
imido-chlorides with ethyl sodio-aoetoaoetate : Synthesis 
of 2-phenyl-4-hydroxy-3-acetyl-quinolines . 

N. V. Limaye and R. C. Shah, Bombay. 

Benzanilide imido -chloride on condensation with ethyl sodio- 
aoetocboetate affords ethyl phenylimino benzyl-acetoacetate (I) which 
is cyolized by heat to 2-phenyl-4-hydroxy-3-acetyl quinoline (II) 
whose constitution has been established. A number of other substituted 
benzanilide imidochlorides have been similarly condensed and a number 
of 2-phenyl-4-hydrozy-3-aoetyl quinoline synthesized in good yields. 





Ph-C 
MeCO 


C(OH) 


(H) 


116. An isomer of 2 : 6-dimethyl-4-ethyl-pyridine. 

R. H. SiDDiQUi, Aligarh. 

The author was busy with a new synthesis of 2-methyl-4-ethyl-pyridine 
and for obtaining it he prepared 2 : 6-dimethyl-4-ethyl-pyTidine. During 
this working under certain conditions he isolated a base which from the 
analyticcd data and from the values obtained for the hydrochloride, chloro- 
platinate and aurichloride appears to be an isomer of 2 : 6-dimethy 1-4- 
ethyl -pyridine. All the salts are crystalline with definite melting points. 

117. Acridine derivatives. Part VI. 

Sk J. Das-Gupta, Baranagore (Calcutta). 

In continuation of previous work (Das -Gupta, Jowr, Indian Ohern* 
iSoc., 1940, 17, 244) various metallic (gold, silver, antimony, copper and 
mercury) compounds of 6-thiol acridine and its other derivatives have 
been prepared. It is being noted that 6*thiol acridine itself is less acidic 
than its any other, derivatives. The mercury and antimony salts are 
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being found to exist in cdlotropio modifications. The auro- and merouro- 
derivatives are being phannaoologioally tested for finding out their anti- 
bacterial properties. 


118. Acridine derivatives. Part VII. 

S. J. Das-Gxjpta, Baranagore (Calcutta). 

In a previous work (Das -Gupta, Jour. Indian Ohem. Soo., 1939, 16 f 
364) certain sulphonamido phenyl sulphonamido-acridine derivatives 
have been prepared. In the present investigation simple sulphanilamide 
derivatives of acridines, of the type NHaCeH4S02NH.R as well as K.NH. 
C6H4S02NH2» where B is a 7-methoxy acridine derivative, have been 
described, ^e pharmacological characteristics of these compounds are 
being studied. 

119. Heterocyclic compounds. Part XVII. Some chemical 

properties of S-alkyl ethers of l-mercapto-benzoxazole. 
R. D. Dbsai and S. V. Nabab, Bombay. 

The methyl, ethyl, propyl, butyl, and benzyl ethers of l-mercapto- 
benzoxazole have been prepaid and it is observed that they are trans- 
formed into n-alkyl derivatives of thio-1 : 2-dihydrobenzoxazolone by 
heating them in presence of traces of iodine, l^s method furnishes 
a simple method of preparing these compounds, and provides an example 
of the conversion of R-S-C=N- into S==0-N-R. The various S-alkyl 
ethers of l-mercapto-benzoxazole have been converted into quaternary 
ammonium compounds by the action of alkyl iodides, and the action of 
dilute solution of alkali and sodium hjrdrosulphide has been studied. The 
first reaction gave the n-alkyl derivatives of 1 ; 2-dihydro-benzoxazolone, 
while the second reaction gave the n-alkyl derivatives of 1 ; 2-dihydro- 
thiobenzoxazolone. 


120. Heterocyclic componds. Part XVIII. Coumarins from 
4-ethyl-2-acetylreBorcinol and 6-methyl-2-acetylre8or- 
cinol. 

R. D. Dbsai, C. K. Mavaki, and (Miss) V. M. Vakil, Bombay. 

As a continuation of our work on the effect of substituents on the 
resorcinol nucleus in the formation of coumarins, we have condensed 
4-ethyl-2-acetylre8orcinol and 6-methyl-2-€M5etylresorcinol (wo-orc6kceto- 
phenone) ^nth acetoacetic ester and its C-alkyl derivatives. The first 
dihydroxyketone gave the coiuneuins with great readiness by the Pechmann 
method, though the yields diminished with the C-alkyl-acetoacetic ester. 
It thus resembled 2-acetyl resorcinol in its behaviour (Limaye, Rasayancnn, 
1936, If 95 ; Shah and Jatty, Science Congress Abs.^ 1940, III9 p. 65) and 
differed considerably from its isomer 4-acetyl-6-ethylreBorci^l which 
undergoes this reciction only in the presence of phospboryl chloride (Descd 
and Ekhlas, Proc. Ind. Acad. Sci. (A), 1938, 8, 200) or anhydrous aluminimn 
chloride (Sethna, ffliah, emd Shah, J.C.S., 1938, 228). 

i«o-orcacetophenone underwent deacetylation, and ^ve only 5- 
hydroxy-4 : 7 -dimethyl coumarin with aceto -acetic ester. Its behaviour 
in this respect is surprising as the isomeric jS-orcacetophenone has been 
shown to imdeigo the coumarin cond^isation with ac^-acetic ester 1^ 
Desai and Ekhlas (loc. dt.) as well as Sethna, Shah, and Shah (Zoo. oiZ.). 
These two hydroxy-ketones thus furnish an interesting example of tlw 
efifect exerted by the same substituent in different positions. 
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121. Heterocyclic compounds. Part XIX. The synthesis of 

S-alkylamino- and S-arylamino-l : 2 : 3 : 4-tetiahydro- 
acridines. 

B. D. Dbsai and V. M. SHmTBB, Bombay. 

Buklii^ and Desai have described the synthesis of a few 1 : 2 : 3 : 4, 
tetrahydroaoridones in part X of this series (Proc, Ind, Acad, Sd, (A) 
1939, IO9 262). These acridones have been now converted into 5-ohloro- 
a<nridine derivatives which have been condensed with simple aliphatic 
as well as aromatic amines. We have also condensed the *5-01x1010- 
derivatives with sulphanilamide and sulphanileoiilide with the hope that 
these derivatives might famish some useful antiseptics. 

122. Attempted synthesis of phenantbrene derivatives. 

B. D. Dbsai and W. S. Waravdbkab, Bombay. 

The compounds obtained by condensing resorcinol, pyrogallol, and 
a-naphthol with phenyl-acetic cwsid by the application of the Nancki 
reaction were subject^ to dehydration, with the object of converting 
them into phenanthrene derivatives, but the attempts were unsuccessful. 
The keto -group was reduced, but the reduced products did not cyolize. 
We are continuing our attempts by introducing the activating groups, 
either in the phenol or the acid molecule. 

123. Stiidies in the synthesis of phenanthrene derivatives: 

Limitations of Bradsher synthesis. 

S. H. Zahbbb and C. L. Mbhbotra, Lucknow. 

Bradsher synthesized 9, 10 -aryl phenanthrenes by condensing the 
magnesium compound of 2-iodo diphenyl with different aliphatic com- 
poxmds as methoxy-ckceto-nitrile, ph^oxy acetones, etc., cuxd we thought 
of applying this method to the preparation of other substituted phenan- 
threne derivatives, specially 2 and 3 chloro, nitro and ammo phenanthrenes 
(which are not easily synthesized) starting from 4 cuxd 5 substituted 
diphenyl derivatives. 

The compounds chosen by us were 2-2^ di-iodo diphenyls 4-nitro 
2Modo diphenyl, 4-amino -2'-iodo diphenyl and 4-€kcetanilido-2'-iodo 
diphenyl in order to prepare either a pyrene or a phenanthrene derivative 
from the first or to get 2-mtro, amino or acetanilido phenanthrenes from 
the others. 

We were unable to confinn Hascarelli’s work as our attempts to 
prepare 2-2' di-iodo -diphenyl (Mascarelli, Aha,, 1907, 1, 1021) 

were not successful. The o|^er compounds mentioned did not recxct with 
magnesium. We, therefore, conclude that Bradsher's synthesis is not 
applicable in the preparation of 2-nitro (amino) -phenanthrones. 

During the course of the above studies we were able to prepare a 
few new compounds of diphenyl, viz., 4-nitro -2'-iodo diphenyl, 4-amino 
2'-iodo diphenyl, 4-eK:etaii^ido 2'-iodo d^henyl, the starting material 
in all cases being ortho amino diphenyl. This on acetylation gave 2-acetyl 

a iund, which on nitration gave 4-nitro 2'-acetanilido -diphenyl, which 
r on hydrolysis gave 4-nitro 2'-amino-diphenyl. Either of these 
on diazotization and the decomposition of the drazo compound with 
potassium iodide solution yielded 4-nitro 2'-iodo diphenyl (m.p. 97°C.). 
The nitro group on reduction with tin and hydrochloric acid gives the 
amino compound, viz., 4-amino 2'-iodo-diphenyl (b.p. 240~260°C. at 12 mm. 
pressure). This on acetylation gave 4-aceta]^ido 2'-iodo-diph6nyl 
(m.p, 166®C.), 

The non-formation of the magnesium compound in the above cases 
led us to a study of Ihe infiuence of the substituents in the formation of 
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magnesium compoiinds of the halogeno benzenes and diphenyls, an 
account of which is given in another paper. 

124. On sulphanilamide derivatives possessing heterocyclic 
rings. Part I. Action of heterocyclic sulphonyl 
chlorides with aromatic and hetero-cycUc amines. 

P. C. GtJHA and Dbbabbata Das-6upta, Bangalore. 

3 ; 6-l>ithiol-4 : 1 : 2-thiobiazole, l-phenyl-3-thiol-5-thio-4 : 1 ; 2- 
thiobiazole and 3 >thio -5-1001110-4 : 1 : 2-thiobiazole have been prepared 
and the first two converted into their corresponding sulphonyl chloride 
via Bulphonic acids. They react with aromatic amines. The sulphonyl 
chlorides of the above-mentioned heterocyclic compoimds are being reacted 
with difEerent aromatic and heterocyclic amines with a view to finding 
out their therapeutic efficiency. 

126. On sulphanilamide derivatives possessing heterocyclic 
rings. Part II. Action of p-acetamiiio-benzene sul- 
phonyl chloride with heterocyclic amines. 

P, C. Guha and Dbbabbata Das-Gupta, Bangalore. 

The following amines (phenyl dithiobiazolonamino -phenyl-sulphide, 
phenyl dithiobiazolonamino -tolyl-sulphide, phenyl dithiobiazolonhydro- 
sulphamin, iminodihydrothiobiazolthiol, diiminotetrahydrothiobiazol, 2- 
eumno-thio-(&&i) -biazole, 5 -phenyl- 2 -aminothio- ( 66 1 ) -biazole are prepared. 
Tlieir action on p-acetaminobenzene sulphonyl chloride are being studied 
with a view to study their therapeutic efficiency. 

126. On the preparation of sulphanilamide compounds pos- 

sessing selenoheterocyclic rings. 

P. C. Gxjha and A. N. Roy, Bangalore. 

Selenium and its compounds are known to possess imfM>rtant 
therapeutic properties. With a view to studyii^ the therapeutic effect 
of selenium in heterocyclic residues attached with sulphanilamide com- 
pounds, some aminoselenazoles and selenhydantoins have been made. 
Their condensation with p-acetamino-benzene-sulphochloride are being 
studied. 

127. Studies on sulphonamides. 

U. P. Basu and S. J. Das-Gupta, Baranagore (Calcutta). 

In a previous work (De €uid Basu, Indian Joti/t. Med. Ree.y 1938, 26 , 
637) it was noticed that substitution of the amide hydrogen of p-amino 
benzene sulphonamide by quinoline ring increases the toxicity of the 
resulting product without exerting €uiy enhancement of its therapeutic 
activity. But a similar substitution by pyridine (c/., Whitby, Lancet, I, 
1210) or a thiazole ring (Fosbinder and WcJter, J. Amer. Chem. Soc., 
1939, 61 , 2032; Herrell and Brown, Proc. Staff Meetings Mayc Clin., 1939, 
14 , 763) has been found to widen the activity of sulphanilamide to a 
considerable extent. 

Several derivatives of sulphanilamide have, in the mean time, been 
prepared in this laboratory by reacting pure 4-acetaminoibenzene sulphonyl 
chloride with various 2 -amino thiazoles, and hydrolyzii^ tl^ subsequent 
condensation products to the corresponding 2-sulphanilamido thiazoles. 
The general method of their preparation and the chemical charc^teristioB 
of the compounds are being described. 
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128 . Ghemotherai^ of bacterial iniectbns. Eeurt n. Sdeoima 

analogoes of Bulphonilamide compounds — diselsnides, 

seleninio and selenonio adds. 

P. L. Nabastmita Bao, Bangalore. 

In continuation of the first part of this series wherein some homologues 
of sulphonilamide derivatives have been described, the preparation of 
selenium analogues of sulphanilamide compounds has beki undertaken 
with the hope tl^t they may possess enhanced and more desirable anti- 
bacterial activity or throw further light upon the relation between 
chemical constitution and antibacterial action, just as the antimony 
bismuth analogues of arsenical drugs pffer advantages in com^ting 
protozoal diseases. Thus the preparation of some para-substituted 
diphenyldisalenides, selenides selenophenols, seleninio and selenonio acids 
have been described. 

129. Chemotherapy of bacterial infections. Part III. N'-j3- 

phenylethylsulphanilamides. 

P. L. Narasimha Rao, Bangalore. 

In order to find a suitable therapeutic agent for use in enteric bacterial 
injections, p>aoetylaminobenzene siilphonyl chloride has been condensed 
wifh phenyl, p-methoxy-phenyl, p-nitrophenylethylamines and ac. 
tetrahydro ^-naphthylamine and the resulting product hydrolyzed to the 
respective amines. Further work is in progress. 

130. The constitution of calyoopterin— the yellow colouring 

matter of the leaves of MycopUria JMbunda. 

B. G. Shah, K. Vbhkaxbauah, and V. V. Vibeab, Bombay. 

The partial constitution (I) was previously assigned to ccHycopteria, 
isolated from the leaves of CaUsycopteris floribimda; the positions of the 
three methozy groups and one hydroxy group in the chromone nucleus 
were not determined (Ratnagirisevaram, ^hra, and Venkatraman, 
Biochem, J., 1934, 28, 1964). It is now found that calycopteris is a 5- 
hydroxy flavone derivative, as on methylation by diazomethane. Only 
one hydroxyl group (4') gets methylated and the monomethyl calycopterie, 
characterized by the formation of acetyl and benzoyl derivatives, shows 
the characteristic properties of a 6-hydroxy flavone. As the hydroxyl 
group is thus shown to be in the 6 position, the three methoxy groups 
must be in positions 6, 7, 8. Calycopteris can now therefore be fully 
formulated as 5 : 6-dihydroxy-3 : 6 : 7 : 8-tetramethoxy flavone (11). 



(I) (11) 

131. (Donatitution of soft-lac resin. 

Ha K. Sen, BMbbi. 

Shellac is known to be composed of at least two distinct resins besides 
wax. The two are dktingtiiiiked and resud^ ienarated by their solubilities 
in jther. The ether insoluble portion js the pure resin and is the 
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move complex of the two. The ether soluble portion is called the soft 
resin and the follow^ anidytioid data have b^ obtamed from several 
speoimens of soft resins from difierent samples of sheilao. 

Ultimate Analysis — C 73-2, H 1*2. 

Empirii^ formulei— ^ 3 iH 5 e 05 . 

Molecular weight — 609-666. 

Molecular formula is CsxHsgOg. 

Unsaturation by hydrogen absorption — 63-66, 

No, of ethylene linkage — 1 . 

Acid Value — 103-1 10. 

No, of carboxyl groups — 1 . 

Saponifioation value — 218*7. 

No. of ester or lactone linkage — 1 . 

Saponification value of acetyl derivative — 316*7. 

Acid value of acetyl derivative — 101 * 6 . 

(A.V. and S.V. of original sample of lac were 109*6 and 218*7 
respectively.) 

No. of free hydroxyl — 1. 

Ultimate an^ysis of hydrolyzed soft resin gave the values C — 70*9, 
H — 10*98, C 8 iH 5 g 05 -fH 20 , i.e. CaiHggOe requires 0— 70*72, 
H— 11*02. 


The following provisional formula has therefore been formulated : 

-CH-COOH 

A 


CH— 

— (CH,).r 

OT— 

-(CH 8 )y 


) — —d o 


-CH(OH)- 

when a?-|-y — 26 


132. Natural coumarins from Ferula alliaceay Boiss. 

P. K. Bose, Calcutta 

Three solid constituents have been isolated from the fruits of F, 
alliacea. One of these is tsopimpinellin. The second constitue has 
many points of similarity with byak-angelecin of Noguchi and Kawanami 
(Ber,, 1938, 72, 344), although the specific rotation of the latter is half 
of that of the former. The third component, named fw^in, m.p. 87®, 
appears to be different from but isomeric with byakangelicol, m.p. 106®, 
of the Japanese authors, although both the compounds furnish apparently 
the same compound on hydrolysis. The probable constitution of ferulin 
is discussed. 


133. Sterols from Vemonia Anthelmintica seeds. 

N. L. ViDYABTHi, Patna. 

The sterol mixture from the non-saponifiable materials of the seeds 
of Vernonia AnihelminHoa has been resolved into two fretctions by phthalic 
anhydride. By the bromination of each fractions stigma sterol and sito 
sterols have been identified. Hiere is also another sterol which melts at 
142®C. and has its products different from the sterols known till now. 
The empirical formula for this sterol seems to be C 27 H 50 O, Further 
work on this sterol is in progress. 

134. Studies in sterols. Parti.. Oxidation of sterols. 

F. L. Nabasimha Rao, Bangalore. 

It is known from the woric of Lifwshutz (Ztaehr, phytud, Chem., 1907, 
50, 436) and Bischoff (^tockr. ges, easp. Meditine, 1036, 70, 83), oxystercds 
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accompanying cholesterol emd other sterols, are probably formed by 
autoxidation of the original oom^unds* fact that oxidation of 

o^letterol esters with chromic a(nd gives rise to 7-oxy-oompoimd (the 
first step in the S 3 nithesis of vitamin D fh>m cholesterol; Windans, (^nn., 
1935, 520, 98) brought prominence to the question whether the so*oalled 
oxy*sterol is impure 7-oxy -compound from which the pro-vitamin I), 7- 
dehydrocholesterol, also accompanying cholesterol, may be formed, or 
whether it is entirely different. In this connection it is of interest to 
note that the autoxidation of unsaturated organic compounds, though 
usually follow the course taken by mild oxidative reagents especially 
selenium dioxide, often differs from the latter, e.g. in the case of a-pinene 
(Anntud Reports of Ohem, 8oc,, London, ^ 1937, p. 241). Thus Bosenheizn 
cmd Starling 1937, 379) points out that cholesterol gives cis~ 

5 : 6-cholestene-3 : 4-diol with selenium dioxide, while Cook isolate 7-oxy- 
cholesteryl acetate by autoxidation in presence of iron phthalocyanine. 
la order, therefore, to elucidate clearly the nature of all the oxy -sterols 
and possibly the mode of synthesis of the pro -vitamin D in Nature, 
different cholesterol esters as well as of some imx}ortant phytosterols are 
subjected to oxidation under varied condition. 

136. Active principles of fruits of Zanthoxylum acanthopodium 
DC. 

K. N. Bagohi and H. D. Ganguly, Calcutta. 

Zanthoxylum acanthopodium DO grows in the Darjeeling hills at an 
elevation of 5,000 feet and upwards and attains the height of about 7 feet. 
The fruits locally known as *Timboor’ are taken in very small quantity 
for treatment of indigestion and intestinal griping. It is stated by them 
that if about half a dozen green fruits cu*e taken, they may produce a 
choking sensation and even death. 

The finits, freshly collected, possess a sharp aromatic smell and 
produce when chewed an intense tingling and sme^ing sensation on the 
tongue and lips just as one gets with aconite root. An essential oil (yield 
about 2*3%) having an agreeable odour like that of eucedyptus oil 
was extracted from the green fruits but it was not found to be the cause 
of the characteristic tingling sensation produced by fresh fruits. A 
resinous substance (an oleo resin) with an unpleascmt aromatic odour was 
also extracted after the separation of the essentied oil and it was found to 
be the causative factor of the physiological effect stated above. No 
alkaloid nor any other active principle could be detected in the powdered 
fruits and seeds. Berberine, as stated to be the active principle of the 
bark (Kirtikar and Basu) was not found either. The other species of 
Zanthoxylum, viz., Z. budrunga which grows to a much larger height, may 
be the species of Zanthoxylum in which berberine was found in the bark 
by the aiK»ve authors. The fruits of Z, budrunga obtained from Darjeeling 
do not produce the characteristic tingling sensation on the tongue. The 
bark of this plant 1ms not yet been procured for further investigation 
which is in progress. 

136. Fixed oil from the seeds of Salvia plebia, 

M. G. KsLiCAB, V. A. Patwabdhan, and V. L. Peadhan, Poona. 

The plant. Salvia plebia (Labiatae), *Kammorkasa’, is common 
throughout In^, aad yields tiny, round, brownish-black seeds. On 
extraction of the well-crushed seeds with sulphuric ether, 20*6% of 
a pale yellow oil is obtained. It showa the following characteristics: — 
Bsmt, W-5, Iodine V. (W<nkler) 144*5, Acid V. 2*8, Refractive Index at 
1*482, Unsaponifinl^ matter 1*9%, Hexabromide V. 30*75% 
The mixed fatty acids Jave ' 7*7% solid acids containing mainly 
stearic acid and liquid acids contcuning 11*3% linolenic 
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acid. Only a small qtiantity of linolio acid was obtained. The oil does 
not show good drying power. On heating with 1 p.o. cobalt linoleate at 
230®C. for two hours, the oil is oxidized to a jelly. The oil heated with 
driers may be useful as a drying oil, especially in a mixture with other 
drying oils. Further examination of the oil is in progress. 

137. The ohemioal relationships of botanically related seed oils. 

Part V. The occurrence of C 20 H 40 O 2 (Eicosanic acid) 
in the saturated fatty acids from Adenanthera pavoniaa 
seed oil. 

P. Ramaswami Ayyab and S. M. Mahdu Muhammad, Bangalore. 

The higher saturated fatty Aoids isolated by the potassium salt 
method outlined in part IV of this series {Proc, Ind. Sci. Cong,^ 1940, III, 
No. 96, p. 79) were esterified with methyl alcohol and the residting methyl 
esters subjected to fractional crystallization, successively, from a mixture 
of methyl alcohol and benzene, methyl alcohol and acetone, and finally, 
from methyl alcohol. The first fractions yielded pure methyl behenate 
{ibid.) and the final fractions yielded about two per cent of pure methyl 
eicosanate (m.p. 46-46®C., unchanged on mixing with a genuine specimen 
of pure methyl eicosanate the identity of which has been checked against 
a pure synthetic preparation of the ester). 

138. On the constitution of santalbic acid. 

B. L. Manjunath and S. Siddappa, Bangalore. 

The paper deals with the constitution of Santalbic acid isolated by 
Manjunath and M^^lhureuiath from the oil of the seeds of Santalum album 
{J, Ind. Ohem. Soc., 1938, 15, 389-392). The results show that it is an 
isomer of linoleic acid. Ibe paper contains details of the investigation. 

139. The chemical examination of the stem of Tivospora 

cordifolia (Miers). 

H. SuBBA Jois, Bangalore. 

Three crystalline materials melting at 76-77°, 83-84° and 181° respec- 
tively have been isolated from the stem of the plant Tinospora oordijoUa 
(c/., Bhagwat aad Bhide, Proc. Ind. Sci. Congress, 1934, 240). The 
substance melting at 83-84° is a monohydrOxy alcohol of the fatty series 
and the substance melting at 181° has been found to have the molecular 
formula CieHi 305 . The chemical nature of these substances is under 
investigation. 

140. Chemical examination of the fleshy aril of C. paniculaius. 

R. H. SiDDiQUi, Aligarh. 

Oelastrus paniottlcUus grows throughout the hilly districts of India, 
Burma and Ceylon. The seeds are cinnamon brown and are completely 
enveloped in scarlet fieshy aril. This scarlet aril was examined chemically 
and yielded saturated, unsaturated fatty acids, benzoic acid, a scarlet 
viscous colouring matter emd a sterol, m.p. 184*6° (Acetyl deriv. had m,p. 
231°). It is of interest that from the seeds a different phytosterol is 
obtedned, m.p. 136; Acetyl deriv., m,p. 119°, by Kumarswamy and 
Manjunath («f. Indian Ohem. 80 c., 367, 1936). 
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14L Chemical examination of the roots of T. numtana. 

R, H. SiDDiQTTi, Aligarh. 

The plant is much cultivated in gardens throughout India cuid the 
root of the plant relieves toothache, kOls intestinal worms and with lime 
juice it removes opacities of the cornea. From the alcoholic extract 
resins, a mixture of alkaloids and the following non-basic products are 
isolate. Alkaloidal fraction is under investigation. 

Non’-biuic produeU* 

(A) 034^5904 — in.p. 250^. 

(B) C34H53O3— Hm.p. 230®. 

(C) C32R32O3'— ‘hi.p. 210®. 

(D) C34H6eO*— m.p. 166®. 

142. Influence of formaldehyde on the reaction of mercuric 

chloride with wool. 

Q. T. Gitbsahani and C. S. Nabwani, Karachi. 

Action of HgCl2 the formaldehyde-treated wool has been studied 
at various concentrations and compared with that on the untreated wool. 
The adsorbed Hg ions are exohaoiged by treating with NaCl and the 
remaining Hg is assumed to be combined. It is found that more quantity 
of HgCl2 reacts with wool treated with formaldehyde. From ^e con- 
centration curve there seem to be two kinds of reactions, both being of 
the same nature at 36®C. as well as 100®C. 

It IS concluded that (1) NH2 group is absent in wool and (2) the 
formaldehyde reacts with wool in such a manner that both -NH- (peptide 
linkage group) and disulphide bonds are easily attackable by HgC]2. 

143. Dihydroquinamine and derivatives. 

B. K. Naoti, Bombay. 

Dihydroquinamine has been nitrated cmd then reduced to the amine. 
The amino group has then been condensed with bromoethyl phtLalimide, 
bromo propyl phthalimide and 2-methoxy-6 : 6-dichloro acridine to 
convert the dibydroquinamine into various side chain and heterocyclic 
derivatives. These modifications into the quinine molecule have been 
introduced with a view to enhance the specific anti-malarial property of 
quinine. Experiments on monkey malaria are still awaiting. 

144. Condensation between dinitroveratrole and amines. 

B. k. Nakdi, Bombay. 

Dinitroveratrole reacts promptly with various amines and dicunines. 
During tbe reaction either a nitro group or a methoxyl group of ^e 
dinitroveratrole is reple^^ed by the amine, depending on the coni^'tion of 
reaction. Various derivatives with diethylai:^e, a^ine, ortho-toluidine 
and para-toluidine have been prepared. The compounds are highly 
colou^ with veiy low toxicity as h^ been found by esperiments on dogs. 
Eigperiments are being made to employ them as suitable hair dyes on the 
line of the condensation products of phenols with amines. 

146. Sulphonamide derivatives nf goaiacol. 

B. K,, Kakdi, Bombay. 

Gwaiaool, wh^ treated with chlorosulphonio acid, gives a colourless, 
pasty sulphochloride derivative. On reaction with 10% ammonia the 



(68) Section ///, Chemietry. 96 

sij^honaaxude derirative of guaiaool has bean made. Also on reaction 
witn a«amino pyridine and a-amino thiazole the respective guaiacol 
Bulphonamido pyridine and guaiacol sulphonamido thiazole have been 
made. 

These compounds are at present being examined against streptococcus 
and pneumococcus infections. 


Industrial Chemistry 

146. S 3 mth 6 sis of atebrin. 

B. K. Nai^di, Bombay. 

Synthesis of atebrin has been accomplished in three parts, viz. (1) 
synthesis of 2-methoxy<6 : 9-dichloro acridine (acridine nucleus), (2) 
synthesis of l-diethylamino-4-anuno pentcme (side chain), and (3) con- 
densation of (1) and (2). Steurting material for the fbrst synthesis 0 €ui be 
either m-tolylene dieunine or toluene which can be chlorinated directly. 
The yields at every stage are fairly good except in one stage of condensation 
with para-anisidine by Gattermann’s reaction. 

The starting material for the synthesis of the side chain has been ethyl 
aoetoaoetate and the recently published method of Ehunyantz et cd hM 
been utilized with advemtchge for isolation of the intermediate product 
acetopropyl alcohol. The synthesis of the diamine is a matter of con- 
siderable difficulty and deception, sometimes resulting in a very poor 
yield unless all the intermediate products cue scrupulously checked for 
proper purity. Considerable modifications have been introduced in 
several stages of the entire synthesis. 

The final synthesis of atebrin, i.e. the condensation of the nucleus 
with the side ohcun is effected easily in phenol medium resulting in very 
satisfisotory yield. 

The cost of manufacture on a semi-commercial sccJe has been 
calculated, on the basis of laboratory yields, and found to be easily 
competitive with the foreign make. 

The drug has undergone efil toxicity and pharmcKJologiccd tests on 
ftniTttftlR and has finally been administered to humeua malcuia with idt utical 
results as in the case of Bayer’s atebrin. 

147. Beduotion of sodium oleate to sodium stearate. 

M. Goswami and P. Bhadxjbi, Calcutta. 

Sodium oleate has been ahnost quantitatively converted into sodium 
stearate at ordinary temperature and pressure by znecms of a sp^iaUy 
prepckred nickel and hydrogen. Further work on the industrieJ possibility 
of process is being ocurried out. 

148. Splitting of oils and fats by acid tar from petroleum 

refining. 

M. (^swAMi and K. Basak, Cialoutta. 

Acid tar obtained in the process of refining petroleum has been 
successfully used in oatalytically hydrolyzing fats and oils. 

149. Physical and chemical constcmts of Gujarat ghee. 

B. N. Mehta, Baroda. 

A detailed investigation of the physical and chemical oonstants of 
a large number of samples of ghee from North and Central Gujarat 
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(Bombay Presidency) has been made. It had been shown that there is a 
very small variation in t^e B.M. and B.R. values at 40^0. from month 
to month. The variation is, however, very small or even negligible and 
further that an examination of the di^rent ^gures shows that there is 
no effect of season on the constants. The constants of samples from 
North Gujarat and Central Gujarat have nearly the same value and ghee 
from these areas seem to be quite similar. 


160. Distillation of Indian vegetable oils under reduced pressure. 
Part I. Niger seed oil. 

Y. V. Duvbdi, N. L. Phalntkab, and B. V. Bhidb, Poona. 

Niger seed oil has been distilled at a pressure of 15 mm. The 
products of distillation are: (1) thick viscous residue, cmd (2) a distillate 
consisting of (a) a neutral portion (mainly unsaturated hydrocarbons), 
if}) saturated acids consisting of myristic, palmitic and stearic acids, 
and (c) saturated and unsaturated liquid acids. The saturated liquid acids 
were caprio and caprylic acids and the unsaturated acid was oleic acid. 
No linolic acid (one of the constituents of the oil) was found in the distillate. 
During the distillation considerable amount of cMirolein was evolved. 
In the distillate, no other aldehyde or ketone w€fcs detected. The 
composition of the thick residue is under investigation. 

151. The action of sulphur on fatty oils. Part I. Reaction 

with linseed, cotton seed and castor oils. 

R. D. Dbsai and R. C. Shah, Bombay. 

We have undertaken a systematic study of the interaction of sulphur 
with fatty oils, and examined the linseed, cotton seed and castor oils 
in this respect. The amoimt of the chemical reaction undergone during 
the course of the variation of temperature and sulphur has been followed 
by determining their saponification emd iodine values which have been 
observed to increase regularly with the intake of sulphur. In the case of 
castor oil some irregularity was observed and it was suspected that this 
might be due to the disturbing effect of the hydroxyl group of the recinoleic 
acid. Therefore, we have tried to study the action of dehydrating agents, 
under various conditions of temperature and pressure, not only on the 
oil, but its alkyl esters and anilides. 

152. Continuous hydrogenation of oils. 

R. V. JoQLBKAB and S. K. R. Jatkab, Bangalore. 

The comparative activities of different percentages of nickel catalyst 
in the continuous hydrogenation of oils have been studied. It has be^ 
found that the activity increckses with concentration to a maximum at 
15 per cent concentration, after which it decreases until the minimum is 
reaped at 50 per cent nickel, and then the activity increases with 
concentrations, that of the unsupported catalyst being found to be highest. 

163. Hydrogenation of sesame oil by the continuous process. 
R. Y. JoGLBKAB and S. K. K. Jatkab, Bangalore. 

Sesame oil was hydrog^iated by the nickel ceurbonate kieselguhr 
catalyst. A study of the selective hydrogenation of the component 
glycerides indicated that saturated glycerides were formed long before the 
lin(^||u, percentage dropped iMow ten. It appears that the hydrogenation 
by lb# ^ntinuous process is less selective than by the batch process. 
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154. IMsperraon of ghee mixed with oocoanut oil. 

B. V. JooiiBKAB and 8. K. K. Jaixab, Bangalore. 

The refiraotive indices and dispersions of the samples of ghee mixed 
with oocoanut oil in different proportions were measured on a Pulfrich 
lefiractometer at 40*C,^ for the mercury green and violet lines. The 
Tesults show that on mixing ghee with oocoanut oil the change observed 
in dispersion is comparatively much greater than the olumge in the 
refractive index. 


165. Alcoholysis and hydrolysis of oils and fats. 

K. N. BahaIoKAB and S. K. K. Jatkab, Bangalore. 

Addition of 5 to 10 per cent oocoanut oil to groundnut oil increased 
the degree of hydrolysis by lime and magnesia, from 76% to 91>99% 
under similar conditions. 

The alcoholysis of oils and fats by methyl and ethyl alcohol in 
presence of acid and alkali catalysts has been>investigated with a view to 
study the kinetics of the reaction and to explore the possibility of manufoo« 
turing glycerine and esters of fatty acids, using power alcohol. 


166. Recovery of glycerine from soap-lye. 

P. C. Guha and Ajoy Qtjpta, Bangalore. 

In continuation of the preliminary work described in last year’s 
Science Congress Abstracts {Proceedings, p. 106), the 80 per cent crude 
glycerine on being distilled with superheated steam at 180®, gave pure 
glycerine 70 per cent strength, which was decolorised and concentrated 
to 98 per cent under vacuum. 

The laboratory scale experiment has been reproduced on a semi- 
commerical scide with a plemt made in the department yielding about 
100 lbs. of 70 per cent distilled glycerol per day, which, after animal 
charcoal treatment, has been concentrated to 98 per cent glycfirine, 
corresponding to pale straw colour dynamite grade glycerine. Some 
chemically pure glycerine has cdso been made. 


157. The chemical examination of the pulp and kernels of the 
Palmyra palm (Lat. Borassua Fhbdlifer linn.). 

Bawa Kabtab Singh, Allahabad, and Abdul Majbbd, Patna. 

The work was undertaken with the object of finding out whether the 
palm fruits of the i>almyra palm (Lat. Borasaus Flabellifer Linn.) which 
grows abundantly in Bihar and United Provinces could be utiliz^ as a 
source of peJm oil emd palm kernel oil. The suggestion w^ m^e h^r a 
soap expert that this palm, like the African oil palm {Elads Ouineensis), 
may contain oil. The conclusions derived from the chemical examination 
of ^ pulp and the kernel of the fruits of palmyra palm are given below: — 

1. The oil-content of the dry pulp of the different forms of the 

fruit of palmyra palm (Borassus FtabeUtfer) varies 0'6 per cent to 0-9 per 
cent and that of the kernel from 0*4 per cent to 0*6 per cent. It is thus 
clear that unlike the African oil palm {Elads Ouineensis), the palmyra 
palm is devoid of oil. , 

2. The sugar-content of the Harria form is about 48 per cent that 
of Jogia about 60 per cent and that of Doma about 66 per cent. It 
agrees with the ob^rvations that Hama is the least sweet and Doma 
the most sweet of the three locally known forms of the fruits of the palmyra 
palm. 

7 
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9* The destvinHxmteiit of fSie pulp of Hama and Jogia fonm Twriea 
ftom 15 to 16 per oent, whereas it Is as low as 9 per oent Ibr the Dama 
form* This inmoates that the lower dextrin-oontent of the pulp of the 
Dama form is due to some of this substance having been converted into 
sugar. 

4. The total weight of the constituents of the kernels of the difS^rent 
forms of f^ts of pal vra palm varies from 24 to 28 per cent. It may, 
therefore, be inferred^tbat the kernel contains a high peroentaro of a 
substance or substances which are easily hydrolyzed when treated alter* 
nately with 1*25 per oent sulphuric acid and 1*25 per cent sodium 
hydroxide. 

\ 

168. Examination of eucalyptus oil. 

P. G. Gxjha, Bangalore. 

8 owts. of eucalyptus leaves procured from the Nilgiris were distilled 
with steam to yield about 6 lbs. of the oil. By a series of systematic 
fiaotionations, the oineol and pinene present in the oil were sepimted in 
a pure state. The purity of the cineol thus prepared was established by 
oxidizing a portion of it to oineolic acid. 

After separating the cineol and the pinene, the sesquiterpene fraction 
of the oil was isolated. The chemical nature and the physical properties 
of the sesquiterpene fraction are under investigation. 

The industrial possibility of preparing oineol by the method outlined 
above is being explored. 

1 69. Utilization of Indian turpentine oil. Part I. On synthetio 

camphor. 

P. C. Gttha and A. N. Roy, Bangalore. 

Turpentine oils from the resins of Pinua longifoUa, Pitwa exoelaa, 
Pinua khaaia euid Pinua merhuaii have been examined. Oil from Pinua 
lonffifolia (obtained from Jallo) has been foimd to contain about 40% 
of a mixture of a- and j3-pinenes amd about 60% of A®, A*-carenes. 
Very high yield of pure a-pinene (96%) wais obtained from the oil of 
Pinua merkuaU, 

Direct conversion of a-pinene and a mixture of a- and jS-pinenes to 
bomeol esters with acetic acid, acetic amhydride in the presence of catalysts 
like boric acid-anhydride, phosphorus pentoxide, etc., have been tried 
and the yield of bomyl acetate studied. 

Isomeric trcmsformation of a-pinene and jS-pinene to caunphene in 
the presence of orgamic, inorganiq and complex abcid catadysts have been 
studied with encouraging resets in some caises. 

The method of direct conversion of pinenes to bomeol esters have 
been extended to a mixture of pinene and camphene and a yield of 60% 
bomeols obtamed. The yield was much lower in the ca^e of the pinene- 
caumphene mixture containing small ^kmounts of carenes. 

Bomeol amd isobomeol mixture has been successfully oxidized by 
nitric aboid to catmphor. 

160. Utilization of Indian turpentine oil. Part II. On the 
possibility of conversion of A*-, A ^-carenes into 
thymol, menthol and other synthetic aromatics. 

P. C. Gxjha and A. N. EiOY, Bangalore. 

Thymol amd menthol cam be mamufactured from p-cymene provided 
the cost of p-oymene is low. Carene has been dehydrogenated with 
sulphur auAi an yield of 40 per oent of p-cymene hM b^n obtained. 

7B 
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FnrtJier work is in progress to improve the yield of p- 03 miene by 
oatalysts along with sulphur* 

Action of various organic and mineral acids on carene have been 
studied* Organic acids and dilute minend acids have almost no action on 
oarenes. Oarenes polymei^ in the presence of a mixture of strong 
sulphuric axKd acetic aoiemo p a ye ous hydrocdiloric acid and hydrobromic 
acids react t^dth carene dihalogen compounds of dipentene and 

sylvestrene which on treatipiil with zinc and subsequent hydrolysis yields 
a complex mixture of terpenes possessing nice aromatic odour. 

161 . Utilization of Indian turpentine oil from Pimis Umgifdlia. 

P. C* Gxtha and M. 8. Muthaitna, Bangalore. 

Polymerization products obtamed from turpentine oil are reported to 
be used as plasticizers (Tischtchenko and Budakov, Prom. Org. Chim., 
1937, 4, 555). Bakelite or ^alith type of plastics are not affected by 
the addition of 10 per cent of the pol 3 rxnerideB. But the incorporation of 
the dimeride with urea-formaldehyde resins are reported to have definite 
advantages (Butovski, Andrianov and Lebedev, Prom, Org. Chim., 
1937, 4, 104). The elasticity of the resin and its resistance to water 
and ammonia are increased, whilst its hygrosoopicity is reduced. The 
common vc^dety of Indian turpentine oil (from chir pine) with its low 
contents of pinene and high content of A ^-carene (about 50%) does not 
appear to be very suitable for the preparation of synthetic camphor and 
renders its use relatively more limited than other turpentine oils (e.g. 
from Pinvs excelaa, etc.) with higher percentage of pinene, and has now 
been found to offer itself as a convenient material for the preparation of 
the dimeride. 

After a number of experiments with different strengths of sulphuric 
cbcid under varying conditions of experiment, it has been found that 
reaction of cone, sulphuric acid with Indian turpentine oil gives from 
66 to 70% of the dimeride (CsqHss* b.p. 196-1 98®/26 mm.; njJ 1*618; 

0*9266), together with 20 to 26% of a mixture of terpenes. 

162. Modification of shellac with organic dibasic acids. 

H. K. Sen, Banchi. 

Shell€ko h€^ been treated with different organic dibasic acids like 
oxalic, malonic, succinic, subaric, sebacic in dioxane solution in presence 
of p-toluene sulphonic acid as catalyst. 

The product with anhydrous oxedic ewjid gives a transparent pliable 
thin sheet on evaporation of the solvent and that with sebacic acid gives 
a resin which can be drawn into fine pliable silky thread having considerable 
strength. 

163. Infiuence of specific chemical groups on the solubility of 

resins. 

H. K. Sen, Ranchi. 

Studies have been made on the infiuence of different chemical groups 
on the solubility of shellac (pure resin) in acetone, gum dammar in ether 
and kauri gum in ethyl acetate. All the above resins have a component 
which properly pxirified and dried is insoluble in the above solvents 
respectively. But the addition of a small quantity of other substances 
to these confer to them solvent power for these resins. It hM been 
observed that though polarity of the added substance is an important 
factor, nevertheless, the specific chemical groups contained in the added 
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substaooe have more powerful, and immediate eiflSdot. For escample* 
my compound containing hydroi^ or carboxyl groups can effect solubility 
of efeellac or kauri in tbe above solvents and this solubilizing povrer £b 
not parallel with the dipole moments of the compounds* Any hydro- 
carbon type compound also does the same for dammar in ether, benzene 
and its homologues being very powerful in this respect* 

The induenoe of the added substances has been measured either 
by directly determining the smaUest quantity of them necessary to dissolve 
a given quantity of the resin in a Bxed quantity of the above non-solvents 
or by measuring the viscosity of the reinilting solutions containing equi- 
moleoular quantities of the added substance. The two methock give 
almost the same order for solubilizing power of the substances so far 
studied. ' 


164. Shellac-protein moulding compositions. 

H. K. Sen. Ranchi. 

The use of casein in prepeuing shellac moulding compositions have 
been described in an earlier publication. (Ind. Jjae, Res. Inst., Research, 
Note No. 21, 1940). The work has been extended to the pse of other 
vegetable proteins chiedy from karanja cake {Pongamia glabra) and soya- 
bean (Qlycina hispida) with a view to obtain cheap shellac moulding 
compositions of high beat resistance. The proteins are prepared by 
sodium chloride extraction and dilution. The proportions used for the 
compositions are: — 

30 parts in ammonium hydroxide. 

• . 4s*6 parts ,, ,, 

1*2 parts. 

2*6 parts. 

1*25 parts. 

0*60 p€ui)s. 

. . 30*00 parts. 

Tbe above compositions after sufBcient mixing, kneading and drying 
can be worked on the beUcelito technique by pressing at 145*^0. and remo\*ing 
at the same temperature after 2-3 minutes* curing. Some of the chief 
physical properties of the test compositions are given below: — 

(1) Impact strength . . . . 4 cm. kg, per sq. cm. 

(2) Water absorption (24 hours) . . 10-12%. 

(3) Heat resistance . . «* . . 94-96®0. 

The resin solution without dUer can be utilized for leather dnishings 
and preparation of laminated sheets. Attempts are in progress for 
improving the water resistance and also for preparing transparent and 
doxible resin dims. 


Shellac 

Soya bean protein*) 
or > 

Karanj cake j 

Phenol 
Pi^ent 

Calcium stearate . . 
Lime 

Wood-dour 80-100 mesh 


166. Further researches on ^oil plastic’. 

M. Goswabci and A. Choxtbhubi. Calcutta. 

In continuation with our work on the oil plastic discovered by one of 
us wo have beei^ aHoeessful in making it thermohardening. It has been 
found that Ite Mibs derived from oils emd fats generally soften between 
120-130^ ||j^ t^rmohardening resin can be moulded at 200'*0. 
ImproMMiiiits have been made to avoid gas-formation at this high 
temperiP^^ 
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166. Shellac moulding powders. 

fi. K. Sek, Banchi. 

The use of sfael^ in plastic moulding for the production of electrical 
and other usefhl articles is restricted due to its comparatively high brittle- 
ness and low softening temTOrature. The former is readily eliminated 
by using fibrous fillers while the latter is overcome by suitable modification 
with formaldehyde in the presence of materials like urea, melamine, and 
guamdin carbonate. These can be readily manufactured from tecWcal 
calcium cyanamide and processes for the production of these on a com- 
meroial swe have been worked out in these laboratories. 

Shdlae-formaldehyde-mda^ moulding powder far compression moulding. 

Shellac (100 lbs.) is dissolved in boiling rectified spirits (26 gallons) 
and then treated with fonnalm (20 lbs.) for 1 hour. Melamin (6 lbs.) is 
now added and the boiling continued for another hoxir after which the 
hot solution thus obtained is well kneaded with wood fiour (100 lbs.), 
pigment (2*6 lbs.) and calcium stearate (2*6 lb.). The powder is then 
dned» ground to 60 mesh in a Christy and Norris disintegrator and finally 
dried in vacuum at 70-76"C. for 2 hours. The powder may be moulded 
at 140~146*’0. and ejected from the moulds at the scone temperature. 
Switches, ceiling-roses and other articles have been made on the com- 
mercial scale with success. 


SheUcw-formcdin-gtuimdin oarhoncUe moulding powder for infection moulding. 


This powder is also made in exactly the same way as above except 
that guamdin carbonate and jute are us^ in place of melamine and wood 
fiour respectively. The following composition has been found to yield 
the best results: — 

Shellac . . . . . . 100 lbs. 


Rectified spirit 
Fonnalm 

Guanidin carbonate 
Jute 
Pigment 
Calcium stearate 


8 gallons. 
33 lbs. 

6 lbs. 
66*6 lbs. 
33*3 lbs. 
i.*6 lbs. 


The powder has been found to fiow freely at 126-1 30'’C. in the injection 
moulding press at 26-30 atmospheres pressure. Articles such as bottle 
caps and electric switches have been znade on a large scale. These are 
sufficiently heat and water resistant. Its use for such and other similar 
electro-technical goods are to be recommended. 


167. Dielectric strength of films of Uro-lacs. 

P. S. Sabma, y. Rama Rao, and M. Sbeekivasaya, Bangalore. 

In a previous communication (Current Science, 1938, 7, 49) wo have 
reported upon the dielectric strong^ of lacs of known origin. The effect 
of the addition of urea on the dielectric strength of films have been 
investigated employing the technique similar to that described in 
Appendix I of B.S. ^ecification No. 1 19 of 1 930. The brass test electrodes 
were each IJ' in diameter with rounded edges. The weight of the top 
electrode was approximately 1 lb. and the bottom electrode was maintcdned 
at earth potenti^. The voltage between them was increased at a unifonn 
rate untu the film punctured. The maximum reading of the voltmeter 
connected to the tertiary winding of the transformer, was noted at each 
breakdown. The results reveal a fift^ to hundred per cent increase in 
the dielectric strength of lacs treated with urea under diffisrent conditions. 
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168. AntioorFooive Varnishes. 

G. M. AncAXi €md S. K. K. Jaxkab, Bani^dote. 

Aosin modified crMylio acid resins suitable fi>r making antioorrouve 
vamishes^ from the oresols, supplied by Bazaree Coke Gompmy through 
the Industrial Researeb Bureau, have been prepared. The physi^ 
properties of oil varnishes made from the above resin and cashew shell 
oil resins, have been measured. The films are found to be remarkably 
hard, elastic and resistant to the actum of petrol, lubricating oil, strong 
acids and prolonged heating at 130^ l%e films show dielectric stren^ 
of more them 1,000 volts per mil. It has been found that the above rerau 
can replace Chinese wood oil in the preparation of baking varnishes. 


169. Shellac-protein plastic. 

J. L. Sabin and M. Y. Ufpal, Lahore. 


A new plastic has been prepared from shellac and gram flour. Shellac 
(50 per cent) and specially prepared gram flour (50 per cent) are mixed 
and pressed in a hydrawo press tmder a pressure of 5,000 lbs. per 
sq. inch at 180 to 190^0. The new plastic has the following properties 


Sp. Or. 

Sp. VoL 
]Mk Factor 
Tensile Strength . . 

Dielectric Constant 
Thermal Conductivity 
Sp. Heat 
Sp. Kesistanoe 


. . 1-32 

21*0 in.* per lb. 

3-2 

700 to 1,800 lbs. per 
sq. in. 

.. 8-0 
.. 3-3x10“* 

. . 0-61 
. 0-66xl0»» 


Further work in improving the tensile strength of the plastic is in 
progress. 


170. Prei>aration of edible sugar syrups from cane molasses. 

K. Aswath Nabain Rao, Cawnpore. 

While the oonsiunption of table syrups is very large in other countries, 
os^ecially in the U.S.A., the market is limited in India at present, the 
cmef reason being ^rhaps its high cost. A method has been developed 
whereby it is possible to manufacture profitably a satisfactory table s^mp 
from oeme molasses. Quicklime precipitates under special conditions 
about 80-85% of the sugars in mol^ses. The lime-sugar compounds are 
decomposed by carbon choxide, the resulting su^r solution being suitably 
treated and concentrated to a sytup of 7^80® brix. This syrup keeps 
well and compcures favourably both as regards taste and colour with 
similar products in the market, which, it znay be mentioned, are prepared 
fmm refined sugar. The syrup can be us^ Cks a cheap and valuable 
article of diet for the troops. 


171. Utilization of locally available fruits. 1. Preservation 
of citrus juices. 

C. J. Dasa Rao, Waltair. 

The locally available citrus fruits have been classified into three 
groups, OitruB OUnte mediea and OUruB deeumana. The 

juices of these fimte are sweet, sour and bitter in taste, respectively. A 
detailed analysis of the juices has been carried out with regard to their 
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sugttr, aoidhy, ai^ and vitamin content. Taking this analvtical data into 
^nsi^ration, experiments 'were oonduoted to fixm out the best conditions 
for their preservation. The costs of production of these juices at Waltair 
on a s^ni-oommeroial scale have been worked out. 

172. A study of the ohemioal properties of pit-tanned buffalo 

sole leather and a tentative chemical specification for it. 

B. M. Das» B. B. BHAVAiiSi^ and B. N. Pal, Calcutta. 

The chemical properties of pit-tanned buffalo sole leather have 
been studied and a tentative specmcation, based on the study has been 
out, which is thus: — 

1. Decree of Tannage 

2. Hide substance 

3. Combined Tannin 

4. Insoluble ash should not be more than . . 

6, Water-soluble matter should not be more 

than 

6. Water-soluble matter per unit of hide sub- 

stemce should not be more than 

7. Fat should not be more them . . 

173. Economic utilization of Punjab reeds. 

J. L. Sabust, Lahore. 

A collection of reeds growing wddly have been collected from all 
over the Punj ab specially from marshy places and sandy river banks. They 
were examined with a view to utilize them in the preparation of some 
articles of commercial vedue. Besides reeds, long fibre leaf, etc., have been 
examined and it has been found that date palm leaf after bleaching and 
dyeing can be m€Mie to give some products of economic utility. The 
leaves were bleached with bleaching powder and chUu^e and dyed with 
direct synthetic dyes. So far sola hat lining has been successfully pre- 
pared and sample sent to the market have b^n well reported upon. 

174. Cellulose content of some South Indian fibres. 

K. Ramamubti, Madras. 

The possibility of obtaining high ^ade cellulose from agricultural 
wckstes and other fibrous materials has been examined. The a -cellulose. 
Cross and Bevan cellulose and lignin content of a number of materials 
have been studied and the copper number of the celluloses prepmd 
from them determined. The a -cellulose content of the most pro m isi ng 
materials were : — 

Banana tree — ^petiole and mid-rib . . . . 60*3% 

Hibiscus sabditriffa . . . . . . 82*8% 

Oholam . . . . . . • . 60*9% 

The copper number of the cellulose prepared from these sources were 1*78, 
0*76 and 1*37 respectively. 

176. Estimation of a-ceUulose in Mandya Begasse. 

P. C. Quha and A. Kutpuswahi, Bangaloib. 

With a view to find out their applicability in the manufacture of 
artificial silk, the a-cellulose contents of various indigenous soft woods 
have been determined by the chlorine gas method of S^orger (OET^emMtry 


55-80 

42-53% 

25-36% 

0*5% 

125% 

0*3 

3*4% 
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168. Anticorrosive VamiBhes. 

0« M. AmAM and S.. K. K. Jatxib, Bangalore. 

Aosin modified creaylic acid resins suitable for making antioonosive 
varnishes, from the cresols, supplied by Bararee Ooke Company throos^ 
the Industrial Besearch Bureau, have been prepared. l%e physi^ 
properties of oil varnishes made from the above resin and oai^w shell 
oil resins, have been measured. The films are found to be remarkably 
hard, elastic and resistant to the action of petrol, lubricating oil, strong 
adds and prolonged beating at 130^. The mms show dielectric strength 
of more tb^ 1,000 volts per mil. It has been found that the above resins 
can replace Chinese wood oil in the preparation of baking varnishes. 


169. Shellac-protein plastic. 

J. L. Sabik and M. Y. Uffal, Lahore. 


A new plastic bM been prepared from shellac and gram flour. Shellac 
(50 per cent) and specicdly prepared gram flour (50 per cent) are mixed 
and pressed in a hydraulic press under a pressure of 5,000 lbs. per 
sq. ini^ at 1 80 to 190®C. The new plastic has the following properties; — 


Sp. Gr. 

Sp. Vol. 

Bulk Factor 
Tensile Strength . . 

Dielectido Constant 
Thermal Conductivity 
Sp. Heat 
Sp. Hesistanoe 

Further work in improving the 
progress. 


. . 1*32 

. . 21*0 in.* per lb. 

3*2 

700 to 1,800 lbs. per 
sq. in. 

. . 8*0 

8-3x10"* 

. . 0-61 
.. 0-«5xl0»» 

lile strength of the plastic is in 


170. Preparation of edible sugar syrups from cane molasses. 

K. Aswath Nabain Bao, Cawnpore. 

While the consumption of table syrups is very large in other countries, 
especially in the U.S.A., the market is limited in India at present, the 
omef reason being perhaps its high cost. A method has been developed 
whereby it is possible to maniifacture profitably a satisfactory table syrup 
from cane molasses. Quicklime precipitates under special conditions 
about 80->85% of the sugars in molasses. The lime-sug^ compounds are 
decomposed by carbon dioxide, the resulting sugar solution being suitably 
treated cuid concentrated to a sybup of 7^80** brix. This S 3 rrup ke^s 
well and compares favourably both as regards taste and colour with 
similcur products in the market, which, it may be mentioned, are prepared 
from refined sugar. The syrup can be us^ as a cheap and valuable 
article of diet for the troops. 


171. Utilization of locally available fruits. 1. Preservation 
of citrus juices. 

C. J. Dasa Bao, Waltair. 


The locally available citrus fruits have been classified into three 
I, OUrua aurarUium, OUrua mediea and OUnia decumana. The 
of tl^se fruits are sweet, sour and bitter in taste, respectively. A 
* attilysiB of the juices has been carried out with regard to their 
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BUgftT^ acidity, aah and vitamin content. Tcddng this analytical data into 
•consideration, ezperunents were conducted to out the best conditons 
for their preservation. The costs of production of these juices at Waltair 
on a semi-commeroial scale have been worked out. 

172. A study of the chemical properties of pit*tanned buffalo 

sole leather and a tentative chemical specification for it. 

B. M. Das, B. B. Bhavalb, and B. N. Pal, Calcutta. 

The chemical properties of pit-tanned buffalo sole leather have 
been studied and a tentative specification, bcused on the study has been 
out, which is thus: — 

1. Des^ of Tannage 

2. Hide substance 

3. Combined Tannin 

4. Insoluble ash should not be more than . . 

5. Water-soluble matter should not be more 

than 

6. Water-soluble matter per unit of hide sub- 

stance should not be more than 

7. Fat should not be more than . . 

173. Economic utilization of Punjab reeds. 

J. L. Sabin, Lahore. 

A collection of reeds growing wildly have been collected from all 
over the Punjab specially from marshy places and scmdy river banks. They 
were examined with a view to utilize them in the prepewation of some 
articles of commercial value. Besides reeds, long fibre leaf, etc., have been 
examined and it has been found that date palm leaf after bleaching and 
dyeing can be made to give some products of economic utility. The 
leaves were bleached with bleaching powder and chlorizie and dyed with 
direct synthetic dyes. So fcur sola hat lining has been successfully pre- 
pared and sample sent to the market have b^n well reported upon. 

174. Cellulose content of some South Indian fibres. 

K. Babiamubti, Madras. 

The possibility of obtainii^ high grade cellulose from agricultural 
wastes and other fibrous materials has been examined. The a -cellulose. 
Cross and Bevan cellulose and lignin content of a number of materials 
have been studied cmd the copper number of the celluloses prepared 
from them determined. The a -cellulose content of the most pro mi s in g 
materials were : — 

Banana tree — petiole and mid-rib . . . . 60*3% 

Hibiscus sabdariffa . . . . 82*8% 

Cholam . . . . . . . . 60*9% 

The copper number of the cellulose prepared from these sources were 1*78, 
0*76 and 1*37 respectively. 

176. Estimation of a-cellulose in Mandya Begasse. 

P. C. Guha and A. Kuppttswami, Bangaloref. 

With a view to find out their applicability in the manufacture of 
cutificial silk, the a-cellulose contents of various indigmous soft woods 
have been determined by the chlorine gas method of Schorger {OhsnUstsy 


66-80 

42-63% 

26-36% 

0 * 6 % 

12 * 6 % 

0*3 

3*4% 
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pf OiMUm and Wccd^ 19^6^ fil2). The foUowixig are the results for the 
BegWMB from the Sugar Factory at Maudya: — 

Samples. Peteentage of Peroeutage of 
oellulose. a^oellulose. 

1 61-03 48-26 

2 62-21 49-12 

3 61-73 47-47 

4 63-11 48-76 


176. Oxyoelluloee and hydxooellulose. The properties of 
different types of ozycellulose. 

S. M. Kaji and K. VxNKATABk&iAK, Bombay. 


It was shown by Olibbens and Bidge that two extreme types of oxy* 
oellulose oould be formed by the action of oxidizing agents on cellulose. 
The main difference exhibit^ by the two types was as regards reducing 
power and methylene blue absorption. Basing our experiments on the 
Haworth formula for oellulose, it has been possime to establish the identity 
of at least 4 types of oxycellulose. For this purpose, it was necessary 
to determine the reducing power, viscosity, carboxyl content, met^ 
affinity and ability to couple with diazo salts. Samples of oxycellulose 
conforming to the four tsrpes were prepared by the action of oxidizing 
agents such as acidic and alkaline hyi^chlonte, sodium hypobromite 
acidic and alkaline permanganate, caustic soda, mildew, heat, singeing, 
ultra-violet light, etc. Blueing j>ower was determined by Heyes’ 
micro copper number method, viscosity in cuprammomum solution by 
the Shirley Institute procedure, and carboxyl content by Neale’s method 
as modifi^ by Scholefield, Nabar and Turner {J, Soc, Dyera CoZ., 1937, 
53, 6). For determination of metal afBmty, it was found that the Thomas 
tests (J. Soc* Chem* Ind., 1933, 52, 79J) dependmg on the production of 
Turnbull’s blue and Prussian blue were not satisfactory for some of the 
samples, and the copper-rubeanic acid method previously standardized 
by the authors was applied. Of the numerous diazo salts examined, 
Trivasol Bed B was foimd to be the best as regards its coupling power, 
and the distinction between oxycellulose and hydrocellulose was sharper 
than in the case of other salts. The slight staining of the samples which 
occurred in these cases in which there was no couphng power was removed 
by vigorous soaping. It was foimd that samples prepared by alkaline 
oxidation had lugh carboxyl content, low reducing power, great metal 
affinity and coupling power, while those prepared by acidic oxidation 
exhibited low carboxyl content, great reduemg power, and no metal 
affinity, but were capable of coupling with diazo salts. Gertam oxy- 
oelluloses, such as those produced by heat, had very low reducing power, 
an insignificant percentage of ^Eirboxyl, slight metal affinity and no 


coupling power. The products of mildew action, where the degradation 
was not drastic, showed only reducing power in the absence of other 
characteristics. In the case of hydrocelluloses prepared under widely 
different conditions, no qualitative distinction in properties was noticed. 
The degradation of cellulose to hydrocellulose is, therefore, linear and 
regular, representing a si^le type of reaction, wldle a series of reactions 
may go on either individually or simultaneously in the formation of 
oxycellulose. Thus one end of a terminal glucopyranose unit of a 
hydrocellulose may be oxidiieed to a di-aldehyde, or to a mono-carboxylic 
acid or to an aldc^ydo-carboxylic acid and ultimately to a di-carboxylic 
acid. Oxidation of the primary alcoholic gro^ may be accompanied. 
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177. A new method for determining the efficiency of wetting 

agents. 

S. y. yKm:A.TA.OHAIiA, £. S. OXTBUKAJA Doss, <md B. Sabjiva 
Bao, Bangalore. 

A method has been worked out for determining the efficiency of wetting 
agents. A weighed idcein of grey yam is shaken with the solution of the 
wetting agent on a s h a kin g machine for half a minute. It is then taken 
out and rolled fifteen times under water with a half-pound roller to 
remove the entrapped air. The yam is then weighed under water. To 
enable quick weighing a sensitive toroion balance has been improvised 
from a Du Nouy tensiometer. The apparent density of the grey yam is 
calculated thei^rom. The apparent density multiplied by 100 is 
designated the Apparent Density number (or A.D. number). The A.D. 
number is a measure of the degree of wetting. The A.D. number for 
distilled water is about 49. The maximum value for the A.D. number is 
of the order of 166. The efficiencies of some commercial wetting agents 
have been determined by this method. Effect of addition of capryl and 
amyl alcohols on the efficiency has been studied. The results indicate 
the formation of complexes between the molecules of the wetting agent 
and capryl alcohol molecules. 

178. Some aspects of the constitution of wetting agents and 

detergents. 

S. I. TarapobbwaIaA, and K. VsNEATABAiiiAN, Bombay. 

In a previous communication mention was made of the marked 
wetting power exhibited by the sodium salts of half esters of a number 
of dicarboxylic acids. The behaviour in textile processing of a series 
of compounds of this type has now been quantitatively studied. Sul- 
phonation and sulphation being usually a necessary stage in the preparation 
of wetting agents, various conditions \mder which compounds such as 
^aromatic dicarboxylic esters, fatty cdcohols, alkyl eth^olamides and 
alkyl naphthalenes could be sulphonated or sulphated have been examined. 
The alkyl ethanolamides of caprylic, capric, lauric, myristic, palmitic 
and stearic acids were first prepared by the condeitsation of the corres- 
ponding acid with monoethanolamine, and these amides were then 
sulphonated with fuming svdphuric acid. A compoimd cdlied to the 
commercial wetting agent Nekal BX has been prepared by the sulphonation 
of diamyl naphthalene. 

The preparation of new wetting agents by the condensation of a 
carboxylic acid with an aminocarboxylic acid has been attempted. 
Compounds of this type are the sodium salts of lauryl and oleyl anthranilic 
acids. The sodium salt of sulphonated butyl n-oleylanthranilate has 
also been prepared for comparison with the above and with oleylanilide- 
p-sodium sulphonate. 

While the outstanding properties of a commercial textile auxiliary 
agent, a taurine derivative, are recognized in Indian mill practice, its 
precise constitution is somewhat imcertain in regard to the presence or 
absence of an n-methyl group. From this point of view and that of 
the general objectives of this work, a series of long chain fatty acyl deriva- 
tives of taurine have been synthesized and their properties (wetting 
power, resistance to hard water, deter^nt action, etc.) determined. 

In order to examine the relation between the physico-chemical 
properties of a wetting agent, specially protective colloidal, action, and 
detergency, detergency trials on standard soiled cloth have been made 
with a series of sodium and triethanolamine soaps, sulphonated oils and 
commercial wetting agents. Starches, such as maize and wheat, a 
colloidal clay (Wilkinite), and gelatine, were also included, as they were 
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oonsidored of particular inteireBt from tlie point of view of eignifioenoe 
of protective colloidal properties in a detergent. scouring was done 
miaior standard conditions, and after the scouring, part of the cloth was 
submitted to a standard bleaching process. The whiteness^ wettability 
and wax content of the scoured and bleached samples were then deter- 
mined. The protective colloidal action of these textile auxiliaries was 
determined in terms of the Oongo Rubine number. 

In the course of a study of the Oongo Rubine technique the relation 
between temperature and Oongo Rubine number for a number of soaps 
has been determined, since the temperature of scouring is a vital factor 
in detergent operations. 

170. Wetting agents: Derivatives of C^alkyl and alko3^- 
anilines. 

B. D. Tilas and K. Vbisxatabaiiak, Bombay. 

Since lauryl-p-toluidme>2-8odium sulphonate was found to be an 
excellent wetting agent, a series of wetting agents were prepared by con- 
densing p-tolui(Qne-2-8ulphonio acid with pahnityl and steuryl chlorides 
and the chlorides of fatty acids from coconut, groundnut, cotton seed 
and mowhra oils. In addition to the standard procedure for the reaction 
described in previous communications, it has been found feasible to 
effect the condensation in acetone and in water in presence of alkali. 
To observe the influence of the position of the 0-alkyl group with respect 
to the amino group on wetting power, condensates of lauryl and oleyl 
chlorides with o-tolmdine-4-sulphomc acid were prepared. p-Anisidine 
was sulphonated with 20% fuming sulphuric acid and the p-anisidine-2- 
Bulphonic acid was condensed with lauryl and oleyl chlorides to give the 
corresponding lauryl and oleyl derivatives. p-Phen6tidine-2-sulphomo 
acid was simUarly prepared and condensed with lauryl and oleyl chlorides 
to give the corresponding n-aoyl derivatives. Sulphonating p-anisidine 
with sulphamic acid, by analogy with the sulphonation of p-toluidine 
with sulphamic acid which yields p-toluidine-3-sulphonic cboid, the 4- 
aminoanisole-3-Bulphonic acid thus obtained was converted into lauryl- 
and oleylonisidine-sulphonic acids. The ethoxy analogues derived from 
p-phenetidine were also prepared. Employing the methods described in 
previous communications (j, Soc, Dyers Ool., 1937, 53, 91, et sequa), 
the properties of the new wetting agents derived from C-alkyl and alkoxy 
anilines, have been determined. 

180. Textile auxiliary agents from cashew nut-shell oil. 

B. C. Ga3tdhi and K. Veneatabahan, Bombay. 

On account of its powerful antiseptic propeHies and its constitution 
as a C-pentadecadienylsalioylic acid, leading to marked wetting power* 
anaoardjc acid, the essential constituent of cashew nut-shell oil, is a useful 
raw material for the preparaiticn of wetting agents for textile processing 
and of textile antiseptics (Gandhi and Venkataraman, Ourreni Soienoe, 
1939, 8, 367). Keeping these two speciflo requirements in view, numerous 
synthetic schemes on cyiacardol, ancK»rdio acid, tetrahydroanaoardol and 
tetrahydroonaccurdio acid have been instituted, sonie of which were de- 
scribed in a previous communication (Proc. Ind. Sd, Gang., 1940, Part 1^ 
p. 96). As indicated by the di66oulty in esterification and in conversion 
to the acid chloride imder normal conditions, the carboxyl ^up in 
anaoardic acid is probably in the o- position both to the hydroxyl and the 
alkyl groups, which have been shown by Shah and his collaborators 
{Current Soienee, 1940, 9, 357) to be m- to each other. The preparation 
of the arylamides of anacai^o and tetrahydroanaoardic aoklB could, 
bgqfever, be treatment of a pyrid^ solution of the add and 
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iAiB anune with phoi^horuB trichloride. Besides the substituted anilines 
and the naphthylammes, the a mine s employed in the preparation of these 
antiseptics were benzidine, dehydrotmotoluidine, sulphanilamide and 
p-amino^-toluenesulphonanilide. For purposes of comparison the 
•salicylic acid anidogues were also prepaid. In order to impart surface 
activity to salic^la^ide, which is in use as a textile antiseptic, and to 
provide synthetic analogues of the type described above and derived from 
anacardic acid, two methods were employed. Sedicylio acid was condensed 
with phenylene diamines mono-acylated with lauric, palmitic and stearic 
acids; secondly, 5-ammosalio3rclic acid was N-acylat^ with a series of 
fatty acids by treatment with the acid chlorides in dioxane solution, the 
5-aoylamidosalioylio acids being then converted into the corresponding 
anilides. 


181. Separation and purification of the ingredients of light and 
middle oil from coal tar. 

P. C. Guha and Ajoy Gupta, Bangalore. 

Benzene, toluene, xylene, naphthalene, pyridine, pyridine bases, 
phenol and phenolic bodies have b^n isolate f^m light and middle oil 
procured from Bengal Chemical and Pharmaceutical Works cmd cdso 
from tar oils of Bombay Gas Company and Shalimar Works, first on a 
laboratory scale followed by semi-commerical operations. Preparations 
of a- and ^-naphthedene sulphonic acids, j9-naphthol and phthcdic e^ydride 
have also been successfully undertaken. 


182, Preparation of some important benzene derivatives on a 
semi-commercial scale. 

P. C. Guha and N. C. jAm, Bangalore. 

Crude benzol (20 gedlons) obtained from light oil fraction of the 
tar oil has yielded 12 gidlons of pure benzol, b.p. TS-SO® in one operation. 
By the action of chlorine 24 lbs. of benzene in one operation has yielded 
20 lbs, of chlorbenzene, b.p, 130-32®. 

From chlorbenzene, o-nitrochlorbenzene, p-nitrochlorbenzene, and 
2 ; 4-dinitrochlorbenzene , have been successfully prepared. The pre- 
paration of other commercially important derivatives from the above 
three substances, as also the preparations of p-diohlorbenzene, benzene 
sulphonic acid, benzene m-disulphonic acid are in progress. 


183. Catalytic thionation. Part I. The preparation of pri- 
muline base and dehydrothiotoluidine. 

R. D. Bbsai and P. N. Josm, Bombay. 

Sulphuration of organic compounds is one of the important reactions 
in the manufacture of dyestuf&i either for the preparation of the inter- 
mediate or the fibnished products. We have observed that the yield of 
the primuline base in the reaction between toluid|ne and sulphur is greatly 
improved by using iodine as a catalyst. We are studying this reaction 
with the int^tion of discovering the best conditions of time and tempexa- 
tuxe for the preparation of primuline in maximum proportion, piesenoe 
of various catalysts and specially iodine, Ald^, F^ls, and cuprous salts. 
We are also extending this reaction to a mixture where «- and j9- 
naphthylamines, tove partly replaced a molecule of toluidine so as to 
obtain naphthathiazole derivatives analogous to dehydrothiotoluidine* 
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JS4. Vegetabk dyes. Rail. Dy^ With Bvka fimdota 
{Fdke) flowers. 

P. N. Joasi and B. D. Debai, Bombay. 

The speoimeii of flowers of BtOsa frondo$a were submitted by the 
Director of Xuduatries, Bombay Provmce» for the investigation of dyeing 
trials, so as to find some remunerative use for them for the dyeing purposes* 
We ^ve investigated the methods of extraction either with water or 
without water containing Hd. Dyeing of wool has been attempted on 
chromium, tin* aluminium and iron mordants, and some shades obtained 
by us are really interesting and they have good general fastness pro- 
p^ies. However, our shades with <liffeient mordants differ from those 
described by Perl^ and Everest (Natural Organic Colouring Matters, 
pp. 166>-171). Therefore, it is supposed that the variety of Btttea 
ftando0a examined by Perkin emd Everest may have be!m different 
from the one we have investigated. 

186 . Studies in the naphtol AS series. Dyes derived from 
cashew nut-shell oil. 

B. V. Bhat, S. B. Bamohandea^ and K. Venkataeamak, 

Bombay. 

The factors oonoemed in the fastness to rubbing of azoic dyeings 
have been discussed elsewhere (J. Soe. Dyers Co,, 1938, 54, 216, ei sequa; 
Current Science, 1939, 8, 286). In the light of Hartley’s theory regarding 
the solvent action of soaps and synthetic detergents on organic com- 
pounds insoluble in water, the after-treatment of azoic dyeings by a 
series of detergents of known chemical constitution has been studied. A 
new approach to the problem would seem to be to take advantage of 
the t^dency of organic compounds to dissolve in solvents to which 
they are closely related in structure, and to synthesize naphthols of soapy 
oha^acter in order to increchse the solubilizing and emulsifying action of 
soap solution on the resultant ea,oio dyes, precipitated on the fibre. 
Anacardic acid, being a salicylic acid carrying a long parafiOn chain attached 
to the nucleus, appeared to be a cheap and readily available raw material 
for the synthesis of aryleunides capable of application to cotton as a 
Naphtol. The aliphatic chain being doubly unsaturated, a certain 
amount of substantivity may be anticipated (c/., Bhat, Forster, and 
Venkatmmnan, J. Soc, Dyers Col,, 1940, 56, 166). Arylides of anacardic 
acid might also prove of interest in producing cmticrease effects on the 
azoic dyed materials. Textiles dyed with arylides of anacardic acid and 
diazo salts would be less liable to mildew attack {cf„ Gandhi and 
Venkataraman, Current Science, 1939, 8, 367). In view of these considera- 
tions, anacardic acid and tetrahydrocmacardic acid have been condensed 
with various bases such aa anilin^, a- and )3-naphthylamine, benzidine and 
o-dichlorobenzidine cmd properties of the ice colours derived from the 
arylides examined. 

By the interaction of the reduction product of Naphtol AS-BS (the 
m-nitroanilide of jS-hydroxynaphthoic acid) with anacardic acid and 
tetrahydroxyanacardic acid chlorides, two other naphthols of the general 
type mentioned above were obtained, but these possess the additional 
interest that they are capable of coupling in two positions, in the naphthol 
half and the salicylic acid hcdf of the molecule respectively. 

186 . Studies in the naphtol AS series: Naphthols of hi^ 
substantivity. 

B. V. Bhat and K. Veheatabamak, Bombay. 

New naphthols have been prepared with the object of studying 
'the influence of dhhmical constitution on substantivity towards cotton 
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and on the fastness of the cfyeio^s. In comparison with ^-naphthol^ the 
ac^laxuido-group (00-NH) in jNaphtol AS and its analogues may be 
regarded as being responsible for the increase in substantivity of the 
Naphtols and the improvement in the fastness properties of the developed 
dyes on the fibre. This has been confirmed by the s 3 mthesis of new 
naphthols containing a second carboxylamide group, obtained from the 
oo^ensation of jS-hydroaynaphthoyl chloride with bases such as N- 
benzoyl-m-phenylenediamine, p-aminobenzanilide and m-amino- 
benzanilide. 

The low substantivity of m-(2'-hydroxy-3'-) naphthoylamido-p- 
toluenesulphonanilide (Bhat, Forster, and Venkataraman, J. Sac. Dyers 
Ool.i 1940, 56, 177) was ascribed to the sulphonaznide group responsible 
for its reewiy solubility and its non-colloidal character. The hydrogen of 
the sulphonamide ^up was, therefore, replaced by a methyl, hydroxy* 
naphthoyl derivatives of N-methyl-N-p-toluenesulphonyl-m-phenylene- 
d iaminft and N-methyl-N-p-toluenesulphonyl-p-phenylenediamine being 
prepared. Other examples of sulphur containing naphthols are the 
hydroxynaphthoyl derivatives of p-toluenesulphonyl-p-phenylenedi- 
ATniTift and 2-aminothiazole. 

By the interaction of 2-hydroxy-3-naphthoyl chloride with p- 
aminobenzoyl-a<aminoanthraquinone, a vat colour similar to Indanthrene 
Yellow GK and Indanthrene Brilliant Violet KK has been obtained; it 
also represents a new naphthol type capable of coupling in the normal way 
with diazo-salts. The substance may thus be applied to cotton as a vat 
colour €ttid after-treated with diazo-salts. The constitution of hydroxy- 
naphthoyl derivatives of a-aminoanthraquinone, 1:4-, 1:5- and 2 : 6- 
diaminoanthraquinones, described earlier, heis been elucidated. 

The influence of ketonic groups on substantivity and fastness 
properties is shown by the hydroxynaphthoyl derivatives of p-amino- 
acetophenone emd p-aminobenzophenone. 

2-Hydroxy-3-naphthoyl chloride has been condensed with 1 : 2- 
and 1 : S-diaminonaphthalenes. While the reewstion proceeded normally 
in the case of 1 : 2-diaminonaphthalene, only one axjoino group of the 
1 : 8-isomer proved to be reactive. 

In order to synthesize 3-benzylidene€M5eto-2-naphthol, a new type of 
* naphthol’ containing no nitrogen in the molecule, attempts have been 
made to prepare 3-acetyl-2-naphthol in quantity. Following the method 
of Shah, the methyl ether of Kaphtol AS was condensed with aniline. 
The urethane derivative of the amidine was reduced to 2-methoxy-3- 
naphthaldehyde, which gave a characteristic 2 ; 4-dinitrophenylhydrazone. 
The aldehyde was then converted into the ketone by mecuis of diazo- 
methane, but the ultimate yield of the required ketone was poor and 
alternative methods of preparation cure being examined. 


187. Further synthetical experiments in the naphtol AS series. 
D. M. Patel and K. Vbnkataeaman, Bombay. 

The essential correctness of our prem^s regarding the relation 
between chemical constitution emd substantivity to cotton in the Naphtol 
AS series has been shown by the superior substantivity of the newly 
synthesized naphthols in comparison with Naphtol AS (of., Bhat, Forster, 
and Venkataraman, J. Sac. Dyers Col,, 1940, 56, 160; aiiid( preceding 
abstract). Wlxile this has therefore become a factor capable^^of control, 
attention is now ^ing directed to a study of the influence of specific 
groups and orientations on other properties, such as colour, tinctorial 
power and fastness, in addition to substantivity. Among the direct 
dyes derived from s 3 niimetrioally constituted diamines, such as benzidine, 
derivatives of m-sub^ituted benzidines and of p-dlami]K>diphe]:^lmethane 
and p-diaminodibenzyl are non-substantive, the significant mture for 
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the produotion of giibstaniiiritjr being eppmDily a rigid and linear align* 
moat of the rinm oaeryiag the two amiao groups. While beozidme- 
•TfMlunilphoiiio am and m-tolidine do not shield dir^ dyes, substaatiTity 
is restoiw when these are replaced by bc^idine-solphone and diamino- 
duorene* Parallel eBEeots in the Kaphtol AS series have be^ investigated 
by the condensation of hydroxynaphthoio acid with p-aminoaasobenzene, 
p : p-diaminoazobwusene, o- and p-aminodiphenyl, m-tolidine, p : p'* 
diaminodiphenylurea, and benzidfiie-sulphone. In the last case, for 
instance, a naphthol of high substantivity was obtained. The effect of 
unsaturi^ion on substantivity was indicate by the greater substantivity 
of the naphthols derived from monooinnamoyl- and mono-p-methozy* 
cinnamoyl-p-phenylene diamine in comparison ^th the p-benzimiidoanilide 
of hydroxynaphthoio acid. Extending the ssmtheses of naphthols derived 
from the amino-anthraquinones, which therefore possess vat dyeing 
properties simultaneously, oompoimds which have the advanta^ of 
reamer solubility in caustic soda, essential for application as Naphtols, 
have been prepared by introducing a p-toluenesmphoncunido group in 
hydroxynaphthoylamidoanthraquinones. 4-Aroyl-l -naphthols, coupling 
in the 2-poBition and leading to alkali-insoluble azoic dyes, are known to 
be of some practical use; 2-aoyl-l -naphthols and diketones, such as 2- 
benzoylaoeto-1 -naphthol prepared by the action of sodamide on 2-acetyl- 
1 -naphthyl benzoate (Mahal and Venkataraman, Ohem. 8oe., 1934, 
1767), are being explored in regard to their utility as Naphtols. The 
diketone referred to is capable of coupling in two positions, one of them 
being the reactive methylene group; the possibility of oyolization to 
naphthadavones opens up a new method of after-treatment for improve- 
ment in fastness properties. 


188. Manufacture of acetic acid and other products. 

P. C. Gxjha and N. Pitohandi, Bangalore. 

Acetic acid has a wide use in chemical industry in the preparation of 
various acetates, chemicals, etc., and for the coagulation of latex in rubber 
plcmtations. Smce the outbreak of war supplies of this product in our 
country has suffered very much. Manufacture of acetic acid by the 
decomposition of lime acetate (57 lbs.) produced at BhcKlravati by sulphuric 
acid was studied and 80% crude acetic acid (about 40 lbs. per day) was 
obtained in a copper plant made here. The concentration of the 80% 
acid to glacial acetic acid by azeotropic distillation using vcurious en- 
trainers has been effected, (i) The extraction of acetic acid direct 
from pyroligneous acid, (li) the manufacture of ethyl acetate using lime 
acetate, alcohol and hydrochlorie acid, (in) sodium acetate from weak 
acetic acid fractions, and (iv) acetic cmhydride from sodium acetate have 
also been studied. 


189. A comparative study of some of the methods commonly 
employed for preparing absolute alcohol. 

N. Veneatanabasimhaohab, Bangalore. 

The new method for determining the percentage of water in absolute 
alcohol (based on measurements of electrical conductivity of alcohol 
saturated with sodium chloride) worked out in this laboratory has now 
been employed to investigate the efficiency of the different methods for 
the preparation of absolute alcohol. It has been shown that a single 
distillation of about 95% alcohol (from the Myi^re Sugar Co., Mandya) 
with exoessiof good qucuity quick-lime can easily give an alcohol con- 
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taming lets than 0*00% of watar. Caloium and aodium are found io be 
equally efficient in removing the last tracea of water. 

190. Catalytic naa n ufacture of ethyl acetate from alcohol. 

B. V. JoouiKAB and S. K. K. Jatkab, Bangalore. 

Decomposition of alcohol is effected by conducting vapours of alcohol 
at atmoE^herio pressure over a catalyst contaming copper, aluminium 
and ohromiiun oxides at 276^0. About 20% of the alcohol passed at 
the 100 0 . 0 . per hour is converted into ethyl acetate and 60% into 
acetaldehyde. 

191 . Manufacture of mannose. 

E. K. Narayanan, Calcutta. 

As large quantities of mannose are being used in bacteriological 
work, especially connected with cholera, and as the sugar is somewhat 
prohibitive in cost, its preparation on a large scale, from the endosperm 
of the vegetable-ivory-nut Phytelepaa mcusrocarpa^ is being undert^en. 
The raw material for this preparation is imported from America as a 
mectl which is the by-product of button manufacture. The method of 
prepeu^ing the sugar is essentially a hydrolysis of the mannose poly- 
saccharide contained in the endosperm. Although this method is well 
known, certain details of procedure required re-investigation with a view 
to increasing the yields of the product and the experience of eighteen 
preparations with different samples of meal shows that : — 

1 . The usually recommended period of 2 J hours* hydrolysis in boiling 
normal sulphuric acid is insufficient to liberate all the available mannose 
from its polysaccharide in the meal, while about 10 hours* direct boiling 
on the wire gauze or 15 hours* digestion in a boiling saturated salt water 
bath (106°C.) is needed. 

2 . The amount of destruction of mannose by contact with boiling 
acid for 10 hours is about 7% but this loss is more than compensated 
for by the increased yields. There is no deterioration in the concentration 
of the sugar if the ewid solution is kept at room temperature (30®C.) 
for 2 days. 

3. Among different methods of hydrolysis, such as autoclaving, 
direct boiling on the wire gauze or digestion in a salt water bath, the last 
method is the safest although somewhat slow. 

4. Mannose as obtained in these hydrolyses remains undiminished 
in strength when kept in a neutralized (pH 6-7) sterilized aqueous solution 
for periods as long as 3 months at temperatures near about 36®C. 


192. Manufacture of hydrogen peroxide by the electrolytic 
method. 

Mata Pbasab, N. R. Damlb, and M. K. Chtteb, Bombay. 

Exact conditions for the electrolytic preparation of hydrogen peroxide 
have been investigated. Ammonium persulphate has l^n prepcured by 
the electrolysis of a concentrated solution of ammonium sulphate by 
the chromate method using a current density of 260 amps, per sq. ft* 
and at various concentrations of H 2 SO 4 in the electrolyte. The current 
efficiency has been found to be 73%. It was found that a preliminary 
heating of ammonium persulphate with sulphuric acid is necessary to 
get a ^irly good yield of hydrogen peroxide by distillation m v^uum. 
The optimum temperature, time and concentration of sulphuric acid used 
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in the preliminary treatment were determined. Under these oonditkmB a 
solution of ammonium persulj^te in sulphuric acid is prepared and 
distilled under vcMnium. The 3rield has been found to be 80% of the 
theoretical amount of hydrogen peroxide. Potassium persulphate under 
similar conditions has been found to give a yield of 84%. 


193. Acfcivtttion of Fuller’s earth. 

B. S. Ktiublabni and S. K. K. Jatkab, Bangalore. 

A comparative study of the activation of Fuller's earth by treatment 
with hydrochloric and sulphuric acid showed that for the same concentra- 
tion and proportion of the acid used, hydrochloric acid gave a slightly 
better activity than that obtained with svdphuric acid. With both acids, 
it is found that there is an optimum concentration of the acid required 
to give highest activity and that this concentration varies with quality 
of the raw earth. The dry method of activation using sulphuric acid 
which works cheaper than the wet process, gave products with almost the 
same activity as those obtained in the wet way. 


194. Preparation of activated charcoal for gas masks. 

(Miss) Naoamani Shama Bao, B. S. KiiLKABin, L. Gopal 
Bao, and S. K. K. Jateab, Bangalore. 

Activated cheurcoal suitable for gas masks has been prepared from 
charcoal got by destructive distillation of cocoanut shells, llie volumetric 
efficiency of the charcoal has been tested with different concentrations of 
carbon tetrachloride vapour. A pilot plant has been set up for semi- 
commercial work. 


195. Studies in activated carbons. Fart 1. 

R. N. Bhagvat and Y. V. LAVAia>B, Bombay. 

Various kinds of activated charcoals are prepared from the indigenous 
raw materials such as different samples of cow-dung cakes and dffierent 
varieties of vegetable wastes. These carbons have been studied with 
regard to their acid and dye adsorption and also the medicinal value of 
some of these carbons is found by carrying tests with hydrochloric acid 
and the alkaloids: strychnine, etc. The values obtained are correlated 
with the ash-content of the charcoals, their porosity and fineness and 
also structure of the raw materia^ and it is found that the structure of the 
raw material greatly affects the activation and the degree of adsorbing 
power. 


196. Studies in activated carbons. Part 11. 

B. N. Bhagvat, Y. V. Lavandb, and Mmoo Mehta, Bombay. 

Activated carbons have been prepared from various raw materials 
which are industrial wastes using zinc chloride and different gases as 
cbctivating agents. The raw materieds used for the preparation of activated 
carbon are: maize com cobs, maize stems, tobckcoo leaves, and tannin 
wastes (viz. barks of Acacia arabica and Caceia attfieitlata). The active 
carbons have been evaluated for decolourizing properties by carrying out 
iodine, benzoic acid and acid emd bamc dye adsorptions. An attempt is 
being made to correlate the porosity of these charcoals with the internal 
structure of the raw materials. The ash-analysis of the impurified and 
the purified activated charcoals has been carried out. 
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197. Studies in activated carbons. Part 111. 

B. N. Bhagvat, Y. V. Lavande, and J. B. Donni, Bombay. 

Activated carbons have been prepared using cow-dung as the raw 
material and chlorides of the II group elements as the activating agents. 
The active carbons are then evaluated for their activity by carrying out 
iodine, benzoic acid and dye adsorptions. An attempt is being mada to 
correlate the activating efficiency of these chlorides with their position 
in the periodic table. The ash-analysis of the impurified as well as the 
activated charcoals has been carried out. 

198. Suitability of Indian fireclays for steel ladle brick. 

HniANSTr Kumab Mitba, Jamshedpur. 

Refractory brick used in India for lining steel ladles although made of 
fireclay of high alumina content do not give the same service as some of 
the bricks m^e from low grade fireclay in some foreign countries. Service 
conditions prevalent in a ladle have b^n discussed. Analyzing the condi- 
tions, it was considered that high * After-Contraction’ of the Indian 
ladle bricks was the cause of the inferior service given by these. Two 
brands of bricks were specially mc^ie with reduced ‘After-Contrewstion* 
and tried under actual operating condition. Laboratory and service 
test data on the above two bricks and the brand of brick ordinarily used 
are given. From these it was apparent that the bricks with low ‘After- 
Contraction ’ were superior to the commonly used brick. By lining ladles 
with these specially made brick, it was possible to take more than one 
and a half times as many casts as taken by ladles with ordinary bricks. 
Some of the other noticeable features in the former ladles were — (a) 
tightness of joints, (b) uniform wear of bricks and absence of pronounced 
attack at the joints, (c) comparatively less damage by ‘sktilling’, and 
(d) the ease with which such skulls could be removed. 

199. Manufacture of silica refractories. 

J. L. Sarin and K. K. Nuhawan, Lahore. 

Silica, quartzite and other siliceous rocks were collected from all 
over Northern India and examined for their suitability in the manufacture 
of silica bricks. Silica bricks are finding ever increasing use in Northern 
India with the starting of a number of electric iron scrap smelting furnaces. 
It 1ms been found that quartzite rocks collected from Jammu, Chakki 
€md Madhopur (Pathankot) give silica brick of good quality. The silica 
bricks manufactured have been tested for their various important physical 
and chemical properties. 

The physical properties determined for silica bricks from Jammu 
quartzite are apparent density 2*455; true density 2*3075; porosity 
23*14%; P.C.E. (Softening point) 1675°C. (cone 31); Reheat test (after 
expansion at 1500®C.) 0*66% ; Cold crushing stren^h 483 Ib./sq. in. 

Constants for silica brick from Jammu quewrtzite: — 

Quartz 4 mesh . . . . . . lb. 

Quartz 8 mesh . . . . . . l| lb. 

Quartz 100 mesh . . . . . . lb. 

Fireclay . . . . . . J lb, 

( 10 %.) ^ 

200. Silver staining of glass. 

Kama Chabae and Habjbao J. Abhieab, Benares. 

Glass is stained a beautiful yellow colour by the application and 
burning of certain silver salts such as silver chloride or sulphate. The 

8 
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salt is mixsd intimately with an inert znaterial such as red eohre and 
made into a paste with some water and then applied to the glads surface. 
When the paste is dry the glass is put into a muffle furnace and heated to 
a dednite temperature usii^ly below the softening point of glass. The 
glass is kept in a muffle for a definite length of time and is then taken 
out, cooled and then the paste is washed off and the glass is found to be 
stained a de^ yellow. The actual tint, and intensity of the Bt€un depends 
on the nature of the glass, the nature and amount of silver salt and the 
cozuposition of the paste, time of burning and the temperature of the 
mufro. The usual diffloulty in the uniform application of the paste is 
overcome by the use of coUoidal ferric hydroxide and the silver salt. 
Bfifoct of edition of foreign substances also has been systematically 
studied and certain generalizations arrived at. v 

201. Ammonium chloride from town refuse. 

J. L. Sabik and B. L. Saigal, Lahore. 

Town refuse, consisting mostly of dung of various animals such as 
donkey, cow, buffalo, camel, goat, etc., is collected in the district of Kamal 
(Punjab). This yields on burning crude ammonium chloride. The refuse 
is burnt in old type of brick kilns, when the issuing fumes are deposited 
on the cooler side (exposed to air) of the bricks. This is now scraped and 
collected by the potters. It was found that when lixiviated with water 
and concentrated, crystals can be separated by centrifuging. Further 
purification is done by sublimation. Ammonium chloride produced is 
quite pure and competes in price with the foreign material. The process 
of preparation has been demonstrated in the locality and a factory has 
come into existence. 


202. Crude potassium carbonate from vrood ash. 

J. L. Sabin and Nabindab Singh, Lahore. 

The extent of wood waste and undergrowth available from different 
Punjab forests was ascertained and the ashes obtained by burning them 
in situ were examined for their potassium carbonate contents. It has 
been found that from the ashes of Cedrua deodara (deodar) emd BtUea 
frondosa (dhak) wood, 6 to 7% and 10% of potassium carbonate can 
be extracted, respectively. The process of extraction has been demon- 
strated in a numl^r of villages in the Simla and Elamal districts. The 
product that hats been produced as a result thereof finds application in 
local Carbonic Acid Gas factories for refining the gas. 

203. Artificial manganese dioxide. 

N. S. Saigal and S. K. K. Jatkab, Bangalore. 

A process for preparing artificial manganese dioxide along with 
potassium permanganate has been worked out. Samples of the man- 
ganese dioxide have been tested by the Indian Hesecuch Bureau for the 
manufacture of dry cells. 

204. Treatment of manganese ore with a view to improve its 

performance in dry cells. 

K. StJBBA Bamaiah and Lal C. Vxbman, Calcutta. 

As a result of intensive investigations, a number of indigenous 
manganese ores have been located which when used as depolarizers give 
cells having an output capacity almost equal to that required by the 

8b * 



(76) 


Section ///, Chemistry. 


115 


specifications (3*0 W.H«). In practice it is desirable to exceed this output 
by at least 20%, for various technicid and commercial reasons. 

It is known that the addition of about 10% of artificial manganese 
dioxide to the natural ore considerably improves the depolarization 
characteristics of the dry cells and increase their output. 

Artificial manganese dioxide was prepared in the laboratory as a 
by-product of the process used for the manufacture of potassium and 
sodium permanganate fiinm maz^anese ore. This material, however, did 
not prove satisfactory. Artifici^ mangcmese dioxide s€unples pmpaied 
by similar processes in other laboratories were also tried without such 
success. 

Attention was then directed to the treatment of ore material as a 
whole, with a view to improve its depolarizing performance. Preliminary 
experiments involved roasting of manganese ore with caustic soda at 
about 400-500®C. and washing off the soluble salts with water. Improve- 
ment obtained in the output of the cells amounted to about 10% in 
watt-hour caj^ity, and about 30% in the duration of dischwge. 
Improvement in duration was comparable with that obtained by the use 
of imported varieties of artificial manganese dioxide, but the output was 
somewhat lower. This was due to voltage differences. Though the 
treatment involved is rather simple and involves very little expense, it 
is considered desirable that further improvement be mcule, for which 
purpose experiments are under way. 

206. Studies in the preparation on a semi-large scale of dry- 
cells and allied materials. 

Hanamant K. Joshi, Benares. 

The present paper reports results of series of experiments which 
were carried out to (i) evAuate some of the chief determinants of the 
electro -chemical performance of a ‘dry cell*, (ii) to prepare the carbons 
needed for such cells cmd elsewhere from Indian raw materials, and 
(lii) to develop methods for manufcicturing the so-called ^active manganese’ 
required for dry cells and imported annually in increasing and very 
large amounts. 

(i) w€bs investigated from the standpoint of the energy out-put of 
the dry cells accor£ng to the British Standcu'd Specifications. The rdle 
of the following fskctors has been investigated; [a) composition of the 
electrol 3 rte, (b) composition of the depolarizing mixture, (c) addition to 
the depolarizing mixture of active manganese and hydrated manganese - 
dioxide. 

Experiments imder (a) made by varying the relative proportions of 
zinc chloride and ammonium chloride, forming the electrolyte, clearly 
indicate that the rise of internal resistance of the cell on discharge is 
greater the higher the quantity of zinc chloride present. Satisfactory 
results were obtained with the electrolyte, containing 10% of ZnCl£. 
Our results with the addition in small quantities of CaCls and MgCl 2 to 
the electrolyte show that the quality of the cell is improved by the addition 
of OaCl 2 . 

(h) An extrusion screw-press has been designed for preparing carbon 
pencils from finely divided coke with pitch as the binding material. This 
last is about 50% of the weight of the coke powder. This amount d^ends 
on (is reduced) by increasing the extrusion pressure, which gives a denser 
carbon pencil. Data are obtained for the micro-structures of the carbon 
pencils after different durations of firing, from their densities (fmparent). 

Series of experiments were made to find out the optimtim cbmposition 
of the depolarizer by veurying, within wide limits, the relative proportions 
of graphite cmd pyrolusite. In genercd, the results were most satisfactory 
with mixtures containing 3*5 to 4*5 parts of pyrolusite and one part of 
graphite; this exact ratio, however, depends upon the nature of the 
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pyxolusite and the gxBrphite used. Amongst a few lndii|n samples of 
pytolmite studied, one supplied by the C.P. Mining Syndicate was found 
to be eatisisetory being comparable to the sample obtained from the 
German company ^Nidiolas Branz*. 

Several series of experiments were made to obtain comparative 
data for the efficiencies of the imported ‘active manganese’ and the 
hydrated manganese dioxide in elevating the voltage>time curves. The 
former would appear to be mainly Mn02 of a special grain size and struc- 
ture. It has been synthesized by fairly cheap methods firom Indian 
materials. The active manganese dioxide has been prepared by several 
methods, which have given satisfactory results both by its performance 
and its cost of preparation. Results of several experiments carried out 
with a view to investigate the comparative activating power of different 
samples of ‘active manganese*, have revealed that this property depends 
not so much on the proportion of Mn02 as its mode of prej^aration, porosity, 
dneness, etc. This has led incidently to working out in these laboratories 
some cheap methods for the preparation of quite a range of manganese 
compounds from the pyrolusite ore by reducing it to Mh304, which is 
2Mn0.Mn02» and dissolving it in H2SO4 under regulated conditions; 
this leaves behind Mn02» as a by-product; it possesses a markedly high 
activating power and is utilizable as * active manganese' in the preparation 
of dry cells. 


206, Electro-synthesis of potassium permanganate from Indian 
raw materials. 

S. S. JosHi, D. N. SoLANKi, arid Damri Singh, Benares. 

In continuation of the previous work, by Joshi and Chandrakant 
(Proc, Ind. Sci, Cong,, Chem. Sec., 1939, pp. 40-41) a detailed investigation 
has been made in these laboratories, of the electro-synthesis of potassium 
permanganate from Indian raw materials. Further work shows that 
optimum conditions in regard to the yield of permanganate prevailed in 
the electrolysis of a fused mixture of potassium nitrate and pyrolusite. 
It is interesting that the possibilities of this process have not been hitherto 
investigated in the field of permanganate synthesis. The present paper 
reports data in regard to the infiuence on the production of permanganate, 
of the following factors: (i) composition of fused mixture, (ii) &D. at 
either of the electrodes, (iii) temperature, (iv) time duration of electrolysis, 
(v) superimposing A.C. on D.C. producing electrolysis, (vi) ratio of current 
densities at emode and cathode, cmd (vii) CKidition of foreign substances or 
catedysts. 

Experiments under (i), with additions of varying amounts of pyrolusite 
(2 to 60 gms.) to 60 gms. of potassium^nitrate show that the yield increc^es 
with the quantity of pyrolusite up to 20 gms. and then duninishes with 
further amounts. O.D. at the anode and cathode was varied within wide 
limits but the best yield was obtained for emodic and cathodic C.D.’s of 19*2 
emd 6*7 amps./dm.* respectively. Our results show that temperature 
variation (260-600®C.) has much appreciable effect on the yield of per- 
manganate which is too low below 260°C. and above 600°C., the yield 
falling almost to a zero vcdue at or about 600°0. Superimposing A.C. 
on D.C, during the electrolysis considerably improved the yield 
pdssili^ by lowering the potential across the cell or lowering the oxygen- 
<^ver-voltiige over the anode. 

The adldition of nearly fifty substances of various types as catcJysts 
were studied nnd Pd, Pt (black), Cu, Ag20, CuO, KIOs, Ni, CogrijilClOa, 
KiO, ThOjt, 3ft02r Pb02» K2^08> etc., were foimd to belpe best 

in desoendmg ondif • The rest were found to be less promising while agents 
like V2O5, OsOW ligO* GaO and CrOs were found to be detrimen&l or 
negative catnlflM* 
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mhe principal product of the electrolysis is potassium-znanganate, 
which is converted into the permcuiganate by oxidation after electrol 3 nBed 
mass is lixivated with acidified water. Great difficulties were experienced 
due to the presence of KNO 2 produced during the electrolysis. This 
exerts a j^werful reducing action on the final yield of permanganate. 
This has been obtained by an appropriate adjustment of (i), (ii), (iv), 
(vi), and (vii). Results are also reported on the electrolysis of KNO 3 
and KNO 2 in the fused condition which are interesting, the reaction having 
been but scarcely reported in the literature. 


207. Production of ammonia through intermediate nitride 
formation by use of active nitrogen. 

S. S. JosHi and M. S. Dbbkshitulu, Benares. 

Synthesis with a suitable catalyst directly from the elements, reduction 
of the nitrogen oxides from ammonium salts, decomposition of organic 
nitrogenous compounds, bacterial action and hydrolysis of nitrides and 
amides have been the principal sources of ammonia. Electrolysis of 
aqueous nitrates and allied materials under certain conditions and subject- 
ing the nitrogen-hydrogen mixtures in different types of electric discharge 
and of electron bombardments have produced but insignificant yields of 
f^xionia. The same remark applies to the attempts of B. Lewis {Jour, 
Amer. Chem. Soc., 1928, 50, 27) in mixing active nitrogen with hydrogen 
and of J. K. Dixon and W. Steiner (Z, physihal 1931, (B), 14, 397) 

from active hydrogen and nitrogen and especially of the interaction of 
atomic nitrogen and atomic hydrogen on the surface of a catalyst. 

We have found that appreciable quantities of ammonia are formed 
by first leading for sometime a stream of heated activated nitrogen over a 
catalyst kept at a fairly high temperature (about 350®C.) €Wid followed 
by a similar stream of heated hydrogen also subjected to intense electric 
discharge. Ammonia is formed on the catalyst surface and is swept out 
and collected in a trap cooled by liquid air and estimated. 

Very low yields of ammonia were obtained with calcium, cadmium, 
selenium, silicon, bauxite, graphite, sodium carbonate, sodium tartrat< , 
potassium chromate. 

The yields were satisfactory with calcium fluoride, antimony, cobalt, 
magnesium, aluminium, alumina, arsenic, iron, zinc, tungsten, chromium, 
sulphur, tin, palladium, lithium carbonate, copper sulphate, iron oxide, 
calcium carbonate. It wa-s very surprising to note that both calcium 
and barium sulphates worked very efficiently. It was also found in general, 
that using the best of those catalysts the hydrogen stream, although heated 
strongly, gave but very poor yields of ammonia compared with those 
obtained by using hydrogen subjected to electric discharge. Under 
latter conditions, only a small amount of the catalyst served without the 
least deterioration for long periods. 


Analytical Obemistry 

208. The separation of mercury by extraction with ether. 

S. Bajaoofal NAmn and C. A. SuBBAHMAinrAH, Madras. 

A method of separation of mercury from copper, iron and lead from 
a mixed aqueous solution by extraction with ether as a mercury -pyridine - 
bromide complex, which is sparingly soluble in water but freely soluble 
in ether, is described. A new iodhnetric method of the determination of 
mercuric sulphide is also described. 
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200* A new reagent for the estimation of mercury and copper. 
S. J. Das-Ootta, Baranagore (Celcutta). 

2-Chloro-7-methoxy-5-thiol aoridine previoualy described (Das*Gupta, 
J. Indian Ohem. 806 ., 1940» 17, 244) readily reacts with mercuric and cupric 
sidts. The products are insoluble in water and alcohol. Advantage has 
been taken of this reaction in finding out a meihod for the quantitative 
estimation of various mercuric and cupric salts. Even their organo 
derivatives may be estimated by this reagent. 

In the present paper method and the procedure to be followed in 
such estimations have been fully descril^. A comparative result 
obtained by estimating mercury salts by the sulphide method and copper 
sadts by iodide method have ali^ been recorded, and the advantage of the 
present method hcuB been discussed. 


210. Microchemical investigations of some spotted micas and a 
new microchemioal method for the estimation of ferrous 
and ferric iron. 

jYOTEBtMOY Das-Gupta and P. B. Sabkab, Calcutta. 

It has been found that sometimes small black spots occur on some 
traneparent Indian Muscovites of Bihar and Kodarma. Chemical invest! • 
gations of these tiny specks have been taken up in this present paper. 
Qualitative micro -analysis revealed the presence of iron and the absence 
of titanium, etc., in those parts of the micas. From the high paramagnetic 
nature of these spots as compared with the transparent portions of the 
mica and the ratio of ferrous to ferric iron as determined by a micro - 
volumetric method devised and described in this paper it is concluded that 
the spots consist of magnetites. 

In this method standard ceric sulphate j^/100 and titanium chloride 
{NI160) were used. Two different sets of indicators were used, namely 
(1) ferrous-o-phenanthroline with methylene blue and (2) phenyl^ 
anthranilic acid with potassium thiocyanate. The result was excellent. 
Small quantities of ferrous and ferric iron of the order of 1 x 10~* milligram 
can be estimated with an cwjcuraoy of nearly 2%. This micromethod is 
recommended for the estimation of ferrous and ferric iron in minerals such 
as ilmenites, magnetites, chromites, etc., specially when very small 
quantities of pure mineral are available. 


211. Estimation of zinc in snake^ venoms by micro-quinaldinate 
method. 

Pbiyadabanjan RIy, Calcutta. 

Percentage of zinc in various types of Indiem snake venoms has 
been determined miorochemically by means of sodium quinaldinate. It 
has been foimd that the zinc content varies from 0*56% in the case of 
Nc^a Naja cobra venom to less than 0*02% for Bungarua Ceruleus among 
the colubrides, and from 0*186% in the case of Echia Carinata to 0*04% 
for RuseePB Viper among the viperides. In purified neurotoxm and 
haemolysin fractions of Naja Naja cobra venom the zinc percenti^ is 
reduced to migligible amount. The results indicate that there is no 
relationship balWeen the zinc content of the crude venom and its toxicity 
as was p^vjk^y ftssumed by Delezenne. The sensitivity and the 
reliabUi^ qtiinaldinate method for the estimation of minute 

quantities of in biological materiab are thus clearly demonstrated. 
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212. Study of the hydrolysis of chlorine and a review of methods 

to estimate chlorine, hydrochloric acid and hypochlorous 
acid occurring in chlorine water. 

G. B. Koi^hatkab and U. A. Saitt, Poona. 

Pure oblorine water of different concentrations was rapidly prepared 
and the conductivity of each was determined immediately and amr a 
period of three hours. The two values of the conductivity were approxi* 
mately the same. This indicates that the reaction between chlorine and 
water is a very rapid one. 

Solutions of pure hydrochloric acid and pure hypochlorous acid 
of known strength were carefully mixed and the conductivity of the 
mixture was also determined immediately and after a period of three 
hours. The conductivity of the mixture did not alter with time and 
further its value wds identical with that of chlorine water of the same 
strength. This shows that the reaction between hydrochloric acid and 
hypochlorous acid is also a very rapid one. 

A number of chemical methods suggested in literature to estimate 
chlorine, hydrochloric acid and hypochlorous acid occurring together in 
chlorine water were tested. It was found that they do nut enable one 
to estimate correctly the proportion of these ingredients in chlorine Vater. 

213. A criterion for the purity of bromine. 

S. V. Anantakbishkan, Annamalainagar. 

A criterion for the purity of bromine based on the definite induction , 
period associated with the imcatalyzed addition reaction with olefines in ' 
acetic acid is described. The method adopted for preparing of such 
purity is also described. 

214. Estimation of thiocyanate by ceric sulphate. 

M. K. Thomas, Bangalore. 

It is known that in the permanganate method for estimation i/f 
thiocyanate only about 95% of the theoretical amount of permanganate 
is consumed. It was, therefore, considered desirable to study quantita- 
tively the oxidation of thiocyanate by ceric sulphate. Oxidation was 
c€irried out in solutions of varying concentrations. The results showed 
that in no case was oxidation complete, but that it stopped at a 
definite stage, viz., about 95% of the theoretical. Details of the 
experimental conditions and the results obtained are presented in the 
paper. 

216. Estimation and hydrogenation of some carbonyl com- 
pounds. 

M. Jaganhatha Bao, Bangalore. 

The method of Ardagh and Williams for the estimation of ketonic 
compoimds using excess of phenyl hydrazine and back titration of the 
excess with iodine is tried in the case of the compoimds benzoyl formic 
ester, phenyl pyruvic acid and methyl ethyl ketone. With individual 
modifications in the procedure the method is successfully \yorked out in 
all the three C€bses. 

These comx>oimds are then hydrogenated using platinum and 
palladium catalysts at room temperature and pressures ranging from 
60 to 100 lbs. per square inch. The conversion is calculated by estimating 
the product according to the above method. About 30-40% conversion 
is noticed in the case of phenyl pyruvic acid and methyl ethyl ketone. 



Proe. 28thlJ3.0.: Part HI: AMmeta. 


m 


( 80 ) 


Further experiments are being oonduoted at hi^er temperatures to 
increase the conversion* 

216. The estimation of cystine by nitroprusside. 

T. K. Kbishnaswamy, Madras. 

A simple colorimetric method for the estimation of cystine in protein 
hydrolysates and enz 3 muo digests has been worked out based upon the 
colour produced with sodium nitroprusside. The cystine is reduced to 
cysteine by sodium cyanide and colour developed with sodium nitro- 
prusside in ammoniacal solution in the presence of zinc sulphate. The 
latter serves to ^bilize the colour which otherwise begins to fade in two 
6t three minutes. Proportionality between cystine concentration and 
intensity of colour exists over a wide range, viz., from 0*5 to 6 mg. of cystine. 
The method is subject to the usual limitations of colorimetric procedures. 
However, it is more specific than the Folin-Marenzi method for cystine, 
while it is much simpler both in respect to procedure and reagents than the 
Sullivan method. 

217. Oa theories of adeorption indicators. 

S. G. Chaxtdhuby, Calcutta. 

The possible mechanism of the adsorption of indicator ions has been 
discussed. It has been shown from considerations of solubility and activity 
that the activity of an adsorption indicator ion, necessary for ideal titration, 
should be equal to the activity of the anion or cation (of the same sign 
as the adsorption indicator ion) in the solution formed from equivalent 
quantities of the precipitants. The concentrations (10-W) of the 
indicators, methyl violet, fiuorescein and bromophenol blue are of the 
order of the solubility of the precipitates (AgCl, HgpCl 2 ) assuming that 
in very dilute solutions activities of ions are equal to their concentrations. 
In the case of eosin, the concentrations differ slightly from the order of 
the solubility of silver bromide and silver iodide. Considerations, stated 
above, also limit the range of concentrations where accurate titrations 
with adsorption indicators are possible. 

218. Observations on detection of denaturants in renatured 

spirit. 

K. N. Bagohe and A. B. Ghose, Calcutta. 

The renaturation, that is, purification of ordinary denatmed or 
methylated spirit for illicit manufacture of alcoholic beverages such as 
brandy, whi^y, etc., has been a source of some loss of Government 
revenue, peurticularly in Bengal and tne detection of pyridine and other 
denaturants in such spirits is an important chemico -legal work. Pure 
pyridine is detected by Hasses’ mercuric chloride reagent (Allen) which 
gives needle-shaped crystals under the microscope. In the course of this 
investigation certain deviations from the textbook findings were frequently 
met with. Not only the needle-shaped crystals but also copious amorphous 
pTOcipitate either as such or mixed with nee^es were found. As Hg0l2 
gives an amo^hous precipitate with ammonium salts production of a 
similar precipitate in a known sample of renatured spirit indicates tiie 
possibility ' of contamination with ammonia. Dragendorff’s reagent 
(BiElIs) which gives an orange precipitate with alkaloids and other orgamo 
bases but not with ammonia was found to give a similar precipitate with 
spirits containing pyridine bases and thus the question of contamination 
with ammonia could be eliminated. 

Fractional distiUation of commercial pyridine bases which are used 
as denatura^lli according to Government of India specifications, gave 
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four diatinct fraotioiifl: — (1) F 3 n^dine hydrate — an azeotropic mixture^ 
(2) piire p^diz^, (3) picolinea, and (4) lutidines (b.p« 160-155”) — the last 
being partially soluble in water and giving both amorphous and crystalline 
precipitate with HgClg* The other fractions give only crystalline preci* 
pitate. After further experiments we came to the conclusion that the 
samples of beverages suspected to contain renatured spirit and giving 
amorphous precipitate with Hg 0 l 2 should also be tested with BiKls 
reagent to elimmate ammonia but the latter is not to be regarded as a 
confirmatory test when> the base is present as a minute trace. It is less 
sensitive than Hasses* mercuric chloride reagent. Production of needle- 
shaped crystals with Hg ^2 therefore the only criterion for pyridine 

bases. Amorphous precipitate should also be taken into consideration. 


219, A rapid method for the determination of barium in 

solutions. 

E. K. Nabayanan, Calcutta. 

In many biochemical operations, the introduction of sulphuric acid 
into a medium and its subsequent removal therefrom by baryta, or vice 
versa are important procedures, often time-consuming. In place of the 
usual process of strikmg at the point of exact balance by trial and error, 
it has been found very serviceable to estimate the sulphuric acid in an 
aliquot part of the liquid by the following quick and at the same time 
quantitative method. 

An aliquot portion of the fluid, usually 2 c.c., is treated in a small 
centrifuge tube, with small quantities at a time, as in a titration, of a 
dilute solution of sulphuric acid — (when barium is to be estimated and 
removed) of known and suitable strength, from a microburette. The 
precipitate that is formed is every time sedimented in the same tube 
with the help of a hand centrifuge. The exact quantity of sulphuric acid 
needed is indicated by the point at which no precipitate forms when a 
drop of the acid is added to the clear supernatant liquid. Towards the 
endpoint the barivun sulphate is somewhat slow to make its appearance, 
but this does not present any difficulty. Knowing the titre value of the 
aliquot, the amoimt for the whole of the liquid is calculated in terms of a 
more concentrated acid and this amount ^vantageously added without 
imduly diluting the fluid. This technique has been followed with imiform 
success in preparations of mannose by the sulphuric acid hydrolysis of 
vegetable ivory-nut meal. 

220. Detection of phenol in high dilutions. 

Anukxjl Chandba Siboab> Calcutta. 

A solution of phenol with bromine water gives a precipitatS of 
tribromo phenol, and this method is used for the detection of phenol even 
in a dilution of 1 ; 20,000. It has now been found that if to a higher 
dilution of phenol a drop or two of freshly prepared solution of bromine 
be added and the mixture kept in a place exposed to light in a day or two 
a beautiful pink colour develops. In this way phenol can be detected in 
solution of even up to 1 : 300,000. 


Bio-Ohemistry 

221 , Studies on the influence of pyrophosphate on the oxidation 
of vitamin C. 

P. V. Ebishkamubthy and K. V. Gmi, Waltair. 

The effiect of pyrophosphate on the oxidation of vitamin 0 by various 
catidysts was studied. It was found that pyrophosphate exerts protective 
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action on the oxidation of the vitamin by Gu» Fe, norit, and copper* 
albumin complex. The enzymic oxidation was, however, very little 
affected by pyrophoi^hate. It also exerted protei^ive action against the 
oxidation ox add^ vitamin 0 in urine. The bearing ot these results on 
the nature of aisoorbio acid oxidase is discussed. 


222. Studies in vitamin C oxidation. Part 1. Coexistence of 
oxidising and protective factors in plants for vitamin C. 

P. V. Kbishnamtothy and K. V. Gnti, Waltair. 

The existence of protective mechanism in vegetables, which protect 
vitamin 0 from oxidation has been established. The enzyme ascorbic 
acid oxidase and the protective factor occur together in various vegetables, 
and a method is described for the sep^ation of the two factors from one 
cmother. The protective factor inhibits the copper oxidation, while the 
enzymic oxidation of the vitamin is not influenced by it. The enzyme 
and the protective factor are more concentrated in the pericarp of the 
vegetables. The nature and properties of the protective factor have been 
investigated. 


223. The effect of carotene, vitamins and sterols on the 
pancreatic digestion of vegetable oils. 

E. G. T. Menezes and B. N. Bakebjeb, Bangalore. 

Addition of the unsaponiflable frcu^tions from cod liver oil and 
butterfat, and to a less extent from spinach and cotton seed oil, to edible 
oils like cocoanut and groundnut oils was found to considerably improve the 
rate of their hydrolysis by pancreatic lipewse. A similar activation was 
also noticed when these oils were fried with flsh rich in vitamin and with 
fresh spinach leaves. It will be clear from this that the fat-soluble vitamins, 
carotene and sterols have an activating influence on the pancreatic digestion 
of most edible vegetable oils. 

With a view to make vegetable products approach ghee in nutritive 
value, most of the reflned, deodorized and hydrogenated oil products on 
the market (e.g., Orisco, Marvo, Dalda, Vanaspati, etc.) are nowadays 
fortified with vitaXKMns to a greater or less extent. This addition of vitamin 
(mostly A and B) will thus incidentally ooimteract, to a certain extent, 
the impaired digestibility of the oil, consequent on its refining, deodorization 
and hydrogenation. 


224. Influence of various biologically important substances on 
the oxidation of vitamin C. 

K. V. Gmi and P. V. Kbishnamxjbthy, Waltair. 

The effect of various biologically important substances on the catalytic 
oxidation of vitamin C by Cu** was studied manometrically by 
measuring the oxygen uptake in the Warburg apparatus and by titration 
with the indophenol dye. Among the substances investigate^, oxalic 
acid, xanthine, uric acid# theophylhne and creatinine exert powerful 
protection, whfle tartaxio# bitric, malic, maleic, tannic and cuspartic acids, 
and glycine, alanine, as|^agme, histamine and pyrogallol exert slight 
protection against tile oxidation of the vitamin. Creatine, theobromine, 
succmio acid and oMbsf iiempounds investigated exert no protection. The 
various possible xaectiiuilims underly^ the action of these substances on 
vi^ilfnin O oxi^^Miiafi mm discussed. 
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226. Adulterations and constants of ghee. 

N. V. V. Pabthasakathy and B. N. Banebjeb, Bangalore. 

A critical examination of the fl^adii^ and purity standards of ghee 
leaves margin for 16 to 26% admteration with foreign fats or hydro- 
genated oils within the maxima and minima limits. In case of spe- 
cialized oil cake or fat feeding the standards vary, but they do so in 
a regular way indicating the passage of the oil from the feed to the 
milkfat. The Ave-Llalamant Test (Baryta test) is helpful but fads in the 
case of adulteration with groundnut oils or specialized feeding. 
Phytosterol acetate test is very helpful if carried out carefully. Even 6% 
adulteration can be detected when the melting point of the 6th or 6th 
crop of crystals are determined. The imsaponifiable matter is generally 
associated with a brown sticky mass. The condensate in the B.M. 
apparatus is wax-like and chokes up the outlet if hydrogenated fat has 
been used. The suggested compulsory addition of 1 % gingelly oil to all 
hydrogenated fats appear to be the best remedy as even 0*1% of the oil 
can bo detected with well-known colour tests. In the alternative all the 
physical, chemical and physiological tests alone can be used for the 
detection of adulteration. 

226. Vegetable dyes as antioxidants for oils and fats. 

T. S. Ramaswamy and B. N. Banbbjbb, Bangalore. 

A number of substances are in use as antioxidants but many of them 
are toxic and are useless for edible oils and fats. 

The antioxidant properties of turmeric and annatto were investigated. 
While turmeric acted as an antioxidant, annatto was found to behave as 
a pro -oxidant. As Kamala dye has been found to be an efficient anti- 
oxidant for ghee, its study has been extended to fish liver and vegetable oils. 

Kamala dye retards the formation of peroxides and the deterioration 
of vitamin A in fish liver oils. It is also effective in the case of cocoanut, 
groundnut, cotton seed and sesame oils. Both crude as well as refined 
oils are protected against early development of rancidity when about 
0'1% Kamala dye is added to the oils. 

227. Studies on the vitamin content of mangoes. III. 

G. B. Bamasabma and B. N. Banbbjbb, Bangalore. 

In continuation of the work on the factors affecting the vitamin 
content of the mango fruit (Agric, db Livestock in India^ 1938, 8, 263; 
Jour, of the Indian Institute of Science, 1940, 23A, Part I, 1) it has been 
observ^ that the ascorbic acid content of mangoes from the same tree 
varies according to the size; the smaller mangoes having a ffigher con- 
centration than the larger ones. Maturity at the time of plucking appears 
to exert a marked influence on the carotene and alscorbic acid content of 
the ripening mango. The chemical changes taking place in the ripening 
mango are slower in the prematurely plucked mango ; the formation of 
carotene and sugars is much less and the ascorbic acid content shows a 
steady fall. The development of c€U*otene and sugars is highest in the 
mature mangoes and it takes pleice in a shoirter time; the acid wntent 
decreases rapidly and the fall in the ascorbic acid cont^t during ripening 
is less. 

228. Studies in sterols. I. Sterol of the mango fruit. 

G. B. Ramasabma and P. L. Nabasimha Rao, Bangalore. 

The unsaponifiable fraction from the alcohol-petrol extracts of the 
pulp of the Badami mango fruit yields after removal of the carotenoid 
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pigments, fractioned crystallization, and ohromoatographio analysis, a 
stOTol m«p« 137^0. the nature of which is bein^ ascertained. 

229. Enzymatic estimation of t 3 rrosme. 

S. L. ViurEiTBSWAKAN and M. Bbbbkivasata, Bangalore. 

A procedure for the estimation of small amounts of tyrosine involving 
the use of tyrosinw, has been standardized. The oxidation of tyrosme 
by tyrosinase unlike that of phenol and p-cresol, does not proceed with a 
linear rate of Oj uptake. Under certain conditions, the total O 2 uptake 
can be taken as a measure of the cunoimt of t 3 rroBine in the solution, llie 
oxidation consists of two stages, a rapid uptake ^of 3 atoms of per 
molecule of tyrosine taking place in the first 16 to 30 minutes, followed 
by a very much slower rate of oxidation involving a further 2-3 atoms of 
oxygen. The two stages are sharply differentiated and under conditions 
of a large proportion of the enzyme to substrate, the total O 2 uptake 
during the first half hour of oxidation, is a convenient measure of amoimt 
of tyrosine (from 0*1 to 1 mgm.) in the solution with an accuracv of 
6 to 8%. 

This method is of particular interest because not only ‘free * tyrosine, 
but also tyrosine bound as peptide under a wide range of conditions, is 
capable of oxidation by the enzyme. All that is necessary is for the 
phenolic hydroxyl group to be free, with a degree of mobility for its 
neighbouring hydrogen atom. 

Thus, our method is a measure of the tyrosme with its hydroxyl 
group free or ‘active ’ and is thus capable of tjirowing light on the state 
of combination of tyrosine in a given protein. The method can be of 
great value in the elucidation of protein structure, and in this connection 
experiments on the conditions of oxidizability of the tyrosine component 
of known synthetic peptides, are being worked out. 

We have, moreover, employed this method in following up the 
liberation of tyrosine during peptic and tryptic digestions of casein. The 
increase in the O 2 uptake is found to be due solely to the oxidation of 
the tyrosine present in the hydrolysate. It is foimd that the oxidizable 
group of tyrosine is liberated almost completely during the first few hours 
of tryptic digestion and also quite easily by hydrolysis with pepsin. The 
latter fact is in contrast with the failure to isolate more than a very 
minute fraction ad free tyrosine. 

230. Formation of uro-lac and its properties. 

P. S. Sabma and M. Sbebnivasaya, Bangalore. 

The course of the formation of compoimds of lew with urea emd 
thiomrea has been investigated by isolating the compound in the inter- 
mediate stages and determining its optical ewtivity and its nitrogen 
content. Experimental data reveal the existence of three definite stages 
throTigh which the compound passes before it reaches the final infusible 
stage. A physico-chemical study of the intermediate compounds has 
been made. One of the stages designated as B, is represented by a 
compound in which urea hcks entered into stable combination but which 
retains its solubility in alcohol. This compound gets easily thermo - 
hardened into the infusible sti^e C on heating for fifteen minutes in an 
oven at 120®C, 

231. WMliods of dehydrating plant tissues for technical purposes. 

A. V. V abadaraja Iybngab, Bangalore. 

The utilization of plant parts in industries is manifold. To mention 
^ few of the out«tap4pg ones, starch from different tubers and roots is 
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widely employed as sizi^ materials in textiles, paper mcuiu£soture, etc. 
Different fruits such as cit^ and tamarinds are useful in the manufacture 
of citric and tartaric acids. Different barks are sources for tanning 
extracts. The different raw materials are to be had in abundance during 
particuleu* seasons as is the case with sweet potatoes, tamarind fruits, etc. 
The storage of these seasonal commodities with a view to supplying a 
factory’s annual needs without deterioration is a problem of great magni- 
tude and importfluaoe. In addition to this, the transport of the fresh 
materials over long distanx^s is a highly costly procedure and has perhaps 
not induced the industrialists in the emplo 3 unent of these useful articles. 

The difficulties indicated in the above, are to be overcome, as it 
has been in the case of tapioca by sun drying the sliced tissues, during 
the particideir season. This material serves for the rest of the year, on 
the West Coast. The disadvantages of this method are many indeed, 
though least expensive. The application of such air -dried materials for 
industrial purposes, is far from satisfactory, with reference to the purity 
of the final product. 

A survey of the known methods of dehydrating such perishable plant 
tissues and the advantages secured through a new process employing 
cheap chemicals, are discussed. 


232. Diastatic enzymes from micro-organisms. 

S. Srinivasa Rao and B. N. Sastri, Bangalore. 

A number of org€mism8 isolated from decomposing starchy materials 
has been examined for their diastase -producing activity. By a process 
of sub-culturing on a wheat bran medium, it has been found possible to 
enhance the diastase secreting activity of a few of these organisms, several 
fold. This has rendered possible their employment for producing com- 
mercial diastase for use both in the textile and pharmaceutical industries. 

233. Oxidative inactivation of enzymes. 

G. Gopala Rao, Waltair. 

The view is emphasized that enzymes contain labile groups which 
undergo reversible oxidation-reduction. The activity of many enzymes 
is shown to be determined by reversible oxidation-reduction processes. 
Evidence is collected to show that easily oxidizable substances either 
protect the enzymes against oxidation or activate them. Mild oxidizing 
agents inactivate enzymes, and the inactivation can often be reversed by 
treatment with reducing substances such as hydrogen sulphide, sodium 
sulphite, glutathione, etc. 

234. Studies on ass milk. 

C. P. Ananthakbishnan, Bangalore. 

A comprehensive study of the composition of the milk of the ass 
has been carried out, which comprises of the determination of casein, 
albumin and globulin, fat, lactose, ash, CaO, chloride. Investiga- 

tion of the veurious non-protein-nitrogenous constituents have been made 
and the results are discussed. 

Casein was isolated by acid precipitation and its purity established. 
The nitrogen partition of the casein has been determined by the method 
of Van Slyke as modified by Plimmer and Rosedale including Dtoiodaran’s 
dicarboxylic acid. Estimations of the dibasic amino acids have been 
carried out by Tristram’s method. The present work also includes the 
study of the nature and extent of the liberation of phosphorus from 
casein, by trypsin and pepsin. 
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Albumin was separated by the frastional precipitation with (NH 4 ) 8 S 04 
and the nitrogen distribution is given. Independent colorimetric estima- 
tions of tyrosine, tryptophane and C 3 rstine of casein cmd albumin have 
been carried out, and the results compared with that of the oow*8 milk 
proteins, lire peptic and tryptic denadation of casein and albumin 
has been investigated. The n^k is found to be richer in vitamin 0 
than cow’s milk. 

Progress is being made on the assessment of the biological value of 
the proteins of whole milk, and casein, and on the rennet coagulation. 

235. Analysis of the Baspuri and Badami varieties of mango 

(Mangifera indica) grown in Mysore. 

C. Sbikantia and N. L. Kantibngae, Mysore. 

Ancdysis of the edible portion of the fruit has been made during the 
different stages of its development with a view to finding out the changes 
in moisture content, ash, pH, titratable acidity, the reducing sugars and 
sucrose. 

The values obtained are tabulated to show the differences between 
the two varieties at different stages. It is particularly of interest to 
note that the Badami variety contains a greater percentage of minerals 
and less of the sugars than the Raspuri. 

236. Investigation on phosphatase from germinating Bengal 

gram and from bone. 

K. P. Basu and B. Gfpta, Dacca. 

A systematic and comparative study of the phosphatase from two 
sources ha»s been carried out. The investigation included extrckction, 
purification, determination of pH optimum and of heat inactivation of the 
enzymes and kinetics of phosphatolysis including effect of substrate and 
enzyme concentration and estimation of energy of activation of the 
hydrolysis. Cataphoretic speed of the enzyme preparations has been 
measured by means of the idtramicroscope. An exhaustive investigation 
has been carried out regarding the effect of Ca, Mg and Mn salts, of the 
different amino ekcids, of ascorbic acid and of glutathione on the activity 
of the enz 3 niies. From the investigations on the activating action of 
calcium and magnesium sedts on bone phosphatase, a quantitative method 
for the sepcuration of cedoium cmd magnesium has been developed. 

237. Role of flavin, phosphorus and hormones in the utilization 

of proteins. ^ 

K. P. Basu and H. P. Nath, Dacca. 

Partial or complete removal of phosphorus from the diet has practically 
no effect on the digestibility of proteins. But when it comes to the question 
of utilization of absorbed amino acids for making good the wear and tear 
of tissue proteins and for protein formation, phosphorus appears to play 
a very important r61e. \^en the cunount of phosphate in the diet is 
low, the biological value of both casein and egg albumin falls appreciably 
and when inorganic phosphorus is completely withdrawn it falls still 
further. 

Withdrawal of flavin from the diet affects both the digestibility and 
biological vAlue of proteins. The digestibility is not lowered to the 
same extent e^s the biological value. 

4jdministration of adrenaline chloride or thyroid gland preparation 
or of interior pituitary preparation, while not appreciably ejecting the 
digestibility of casein, very much lowers the biological value. The effect 
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is more marked in the case of the administration of thyroid gland pre- 
paration and adrenaline than in the case of the anterior pitnitcury 
preparation. 


238. Observations on the respiratory metabolism of tissues 
in the presence of plasmoquine. 

B. K. Nandi, Bombay, 

Plasmoquine has been fotind at certain concentrations to stimulate 
the respiration of normal guinea-pig liver, spleen, brain, defibrinated 
blood and cell-firee liver extract, as measured by the Barcroft manometer. 
Genercdly three different concentrations of plc^mo quinine, e.g. 1 in 6,000, 
1 in 16,000 and 1 in 160,000 have been investigated in the cekse of tissues. 
A fourth concentration, e.g. 1 in 300,000 has in addition been taken 
in the case of blood. 

The stimulation of oxygen uptake has been most prominent in the 
case of blood. At 1 in 6,000 concentration of plasmo quinine, the co- 
efficient of respiratory stimulation has been in one case 1436% the 
most remarkable feature being that even at a concentration of 1 in 
300,000 of plasmoquinine which is usually the level reached by the drug 
in blood when given in therapeutic doses, the coefficient of stimulation 
is 41%. 

The stimulatory effect of plasmoquinine in tissues, blood and cell-free 
liver extrcKst is abolished almost to the same extent as normal respiration 
by the action of heat or cyanide. A general relationship exists in the 
point that tissues which destroy the least amount of plasmoquinine suffers 
the highest respiratory stimulation and vice versa. 

It has been established that the phenomenon of the stimulation 
of oxygon uptake by tissues, blood and cell-free liver extract in the 
presence of plcwmoquinine is definitely an enzymatic (thermo -labile) 
reaction, whilst the decomposition of plasmoquinine is mainly through 
thermo-stable systems present m the tissues. 
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Stratigraphy and Palaeontology 

1. PsygmophyUum haydeni Seward from a new locality in 

I^hmir. 

R. V. SiTHOLBY, Lucknow. 

Some leaves of Paygmophyllum identifiable with Prof. Seward’s 
P, haydeni have been desorib^ from Dandlutar in the Pir Panjal range 
in Kashmir. The fossils were collected by Mr. D. N. Wadia, lately of the 
Gieological Survey of India. It has been possible to reconstruct from 
several fragments a shoot on which several leaves with long petioles were 
attached. In one of the leaves a long petiole is preserv^. Another 
specimen shows the petiole attached to a broad axis by a decurrent 
base. 

The only other part of Gk)ndwana Land from where the genus 
Paygmophyllum has li^n recorded is South Africa. The widespread 
occurrence of a characteristically northern genus like Paygmophyllum 
in the Gk>ndwana province is significant. 

2. Some Triassic plant remains from the Salt Bange in the 

Punjab. 

R. Ye Setholby, Lucknow. 

Some years ago Mr. E. R, Gtee of the Geological Survey of India 
collected a number of pieces of shale bearing plant impressions from the 
top of the Triassic sequence in the Salt Remge. The impressions are 
extremely fragmentary emd their specific, and sometimes even the generic, 
identification is very (fiffioult. Mass maceration of the shales has, however, 
yielded a surprising variety of spores and also a few cuticles. The spores 
are quite Icuge (in some oases easily detectable by the naked eye) and are 
mostly preserved as oasts, with the cuticle forming a thin covering. The 
tri-radiate mark (or ridge) is very prominent in many of these spores. 
In one of the plemt impressions, brides a number of sphenopteroid leaves 
borne on an axis, are seen in one or two places what appecu* to be epaulette* 
shaped sori similar to those foimd in some of the Pteridosperms. Mace* 
ration of a little scraping from the region of sporangia-like structures in 
this specimen has yielded a mass of crushed thm-walled spores. 

Petrology and Mineralogy 

3. Heavy mineral study of Mylliem granite, Khasi Hills, 

As^m. 

N. N. Chattebjbb, Calcutta. 

On a previous ococ^ion the author gave an account of the granite 
ex|K>sure round about Mylliem and Laitlyngkot together with its important 
structural features. Granite specimens from the above-mentioiwd 
localities were crushed, cleaned and subjected to heavy mineral s^aration 
by bromoform treatment. The heavy minerals thus separated nom the 
several specimens are 2*54%, 3*7% and 0*6% respectively. The last one 
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is firom a locality where the msiite it more pegmatitio* The chief heavy 
minerals identined were: — Biotite» iron oxide, zircon, muscovite, epidoiie, 
<dik>rite, pyrite, kyanite, rutile, etc. 

In the norths region iron oxide (magnetite gwules and crystals) 
occurs in large quantity whereas in the southern region near Lcutlyn^ot 
it is very much less. Biotite on the other hand predominates in the 
Laitlyx^ot granite and is less prevalent in the specimens of the northern 
area. Biotite flakes appear to be of dirty brown colour showing faint 
pleochioism and contain granules and or 3 r 8 tals of zircon as fmquent 
molusionB around which sometimes faint pleochroio haloes are observed. 
Sphene occurs in light as well as deep shades of pink and several of them 
show good crystal outline. Zircon of both cxdourless and faint pink 
variety and sometimes with or 3 mtal shape recognized. Few crys tals of 
rutile are present. 

Detailed description of the minerals is given m the paper. 

4. A note on the geology of Dhubri, Assam. 

N. N. Chattebjes, Calcutta. 

The rocks of the Dhubri ridge consist of the following : — 

1. Queutz veins both light and dark coloured. 

2. Pegmatites, aplites, felspar-epidote veins and microgramtes. 

3. Pi^ gneisses both medium grained and very coarse grained. 

4. Hornblende schist, quartz-chlorite schist, mica-schist. 

The schistose rooks are folded and a gradual change in strike of 
foliation is clearly seen at some places. Of these rocks the mica-schists 
appear to be the oldest of the series. The foliations are perfect and in 
some oases augen structure preserved. The pink gneisses form the 
chief rock type and occupy a greater portion of the ridge. Mica-schists 
as lenticular patches and thin sheets are foimd as inclusions in the gneisses 
showing the Intrusive nature of these gneisses. Mica-schists are traversed 
by granite pegmatite in lit-par4it manner. Pegmatites and quartz veins, 
etc., are found to traverse idl the other types. 

Other characteristic features of the above rook types are given in 
the paper. 

6. Optical, X-ray and magnetic studies of the mineralogical 
constituents of vredenburgite from different occurrences 
in India. 

S. Deb, Calcutta. 

Vredenburgite occurs in Beldongri in C.P. and in Kodur Garividi 
and Devada regions in the Madras Presidency. This important manga- 
nese mineral hM been studied since 1928 by W. A. K. Christie, J. Orcel 
and S. Pavlovitoh, H. Schneiderhohn and P. Kamdohr, J. A. Dunn and 
M. B. A. Iyer and it has been definitely proved that vr^enburgite is not 
a pure mineral species but a mixture of two different minerals — jacobsite 
and hausmanite. Optical character and reflecting powers of these two 
mineralogioal constituents of Indian vredenburgite have been compared 
to the jacobsite from Jakobsbei^, Sweden, and hausnumite from 
Thuringerwald, Germany. The reflecting powers have been determined 
by means of a selenium photoeleotrio o3l, sensitive to red light. The 
reacting powers are almost alike. 

X-ray diagrams of scunples of powder of jacobsite of Sweden 
and jcboorate constituent of the vredenburgite of India have been deter- 
mined by the Debye and Scherrer method of powder by means of a gas 
tube and iron anticathode (A 1*932A), function^ under 60 K.V. pressure, 
with a pose, of three hours. The two X-ray diagrams ore almost idmtioal 
in chattMter which proves that the two minends have identical atomic 
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siraotures* The magnetio characters on the other hand are quite different. 
Usually the strong specific permanent magnetism noticed in vredenbuigite 
is due to the mineral jacobsite, hausmanite being non-magnetic. 1^ 
jaoobsite specimen of Sweden on the contrary possesses a weak permanent 
magnetism. The specific magnetic susceptibility or the coefficient of 
magnetism in these two different specimens are cdmost the same. The 
hausmanite specunen of Thuringerw^d does not possess at all the specific 
permanent magnetism but a slight specific susceptibility has been noticed 
in this mineral. 


6. The relationship of colour to the size of the mineral 

grain in granophyres and felsites from Mount Gimar, 
Kathiawar. 

A. G. Jhinoban, Calcutta. 

A study of the relationship between the colour and the size of the 
mineral grains in granophyres and felsites from Mount Gimar has been 
made. The textures of the rocks have been examined. The sizes of the 
microcrystids have been measured and an attempt has been made to 
establish a mathematical relationship between the size of the crystals 
and the colour of the rooks. It has been concluded that the smaller 
the crysteds in the groundmass, the darker is the colour; so that a leuco- 
cratio rook which is phanerocrystalline has cdmost a white (or very light) 
colour and as it becomes microcrystcdline the colour changes to darkening 
shades of grey. With the development of cryptoor 3 rstallinity the colour 
gets still darker. This is in full accord with the jet bl^k colour of obsidian, 
wMch is the extreme stage of or 3 nptocrystcdliaity, the mass being almost 
entirely glctssy. 

7. On the probable sedimentary origin of the quartz-porphyry 

oconrring to the south of Unchabeda in the Rajgad mahal 
of the Baria State, Gujarat. 

A. S. Kalapesi and 6. S. Awatb, Bombay. 

Various bands of felspathic quartzites are exposed to the south of 
Unchabeda, occupying the hill groups A 830 and A 750, in the Bajgad 
mahal of the Baria State, between lat. 22^31^ and 22^32' emd long. 
73®47'5'^ and 73”48'6^. These belong to the BajgCMl shale group of 
the Ohampaner series, cmd strike in the W.N.W. direction. T^ey have 
been metamorphosed by the pegmatites belonging to the youn^st gramte 
series in the State. Typical high grade metamorphic minerals like 
sillimanite, garnet, etc., ^ve been developed in them. Some bands of 
felspathic qimrtzite show opalescent blue quartz also. These bands are 
greyish in colour cmd when weathered their blue quartz and felspars appear 
more prominently on their weathered surfaces. 

A group of porphyry rocks vcaying fifom granite-porphyry to 
qucurtz-porphyry occurring in difierent lo<^ities and belongu^ to the 
oldest granite series of the State has been reported by the senior author 
who h^ worked in this area. According to him these po^hyry rooks 
have intmded into the arenaceous €uid other sediments of this area. 

Careful search at the exact locality of the quartz-porphyry previously 
mentioned shows that the said quartz-porphyry does not differ, in outwaid 
appearance and field characters, from the blue quartz-bearing felspathic 
quartzite. 

As many as five specimens representing gradational t 3 q>es of the said 
quartz-porphyry have been partially analyzed. The typical quarto- 
porphyry (sup^sed) yields 81*97% of silica, in close agreement with 
that of the neighbouring grey quartzite. Heavy accessories from the 
representative gradational types have also been recorded. 
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The pAper deals with the details noted by ns in deld as well as in 
Iaboratory-*xnioro8oo|»io and ohemiced. From the data obtained the 
authors are of the opinion that the rook referred as quartz -porph 3 nry by 
the previous author is probably a meteunorphosed mue quartz-bearing 
felspathic sandstone. 

All the ohemioal analyses were carried out by G. S. Awate. 

8. On the age determination of the Deccan Trap basalts of 

Baria and Amraoti. 

A. S. Kaiapbsi and 6. S. Awatb, Bombay. 

Ten specimens from Baria and six from Amraoti were selected, 
crushed and analyrod for their uranium, thorium and lead contents. 
The age of the specimens from Baria was calculated to be 42*23 million 
years which conforms to the Oligooene period. According to B. Kama 
Bao, these traps are foimd to be directly overlying the Lametas. 

The basalts of the Amraoti trap, which cue dark, compact olivine- 
basalts, according to the Geologiced Survey of India, belong to the 
lowest Deccan Trap series. The *lead>ratio* results of 91*05 million 
years confirm well the field observations that the traps date bcusk to the 
dawn of the Tertiary era. 

All the chemical analyses were carried out by G. S. Awate. 

9. Microscopic study of some basaltic traps from Amraoti 

District, Berar, C.P. 

A. S. Kalapesi and G. S. Awatb, Bombay. 

In all five specimens of basaltic traps from different localities in the 
Amraoti District were examined emd found to be all olivine basalts with 
varying textme. It is interesting to note that the olivine is almost 
fresh, practiocdly in all the specimens. Felspars occurring in broad laths 
and plates, remge from oligoclase to anorthite. Acid felspars have also 
been noted in one specimen showing typical fiow structure. All the 
types are highly crystalline with a little or no interstitial glass. The 
pyroxene is ophitic and mainly augite, but the other varieties showing 
shades of pinkish brown and bluish grey are also noted. Iron ores, 
chiefiy ilmenite and magnetite, are abundcuit. One specimen shows 
dull black gle^s in hand-specimen, which under microscope appears as 
cloudy to dusty brown mass, more or less devitrified. Falctgonite also 
occurs in some specimens filling up the cunygdular cavities. Only one 
specimen has been found to be porphyritic. 

Small roundish patches of very coarse basaltic rock occur in the 
compact (comparatively) massive b^Alt of Vadali hill, Amrckoti. Both 
the types have been partially analyzed by Awate, the silica percentages 
being 47*41 and 48*43 respectively. 

10. Petrology of the Trombay Island (Bombay). 

A. S. Kalapesi and H. S. Dalal, Bombay. 

In this paper the authors have given an account of the igneous rooks 
of the Trom&^y Islcmd which lies a few miles east of the Bombay Island 
and on the longitude (72°56Ti) and latitude (19°N). This little island 
has not been studied hitherto, but the authors put on record for the first 
time the occurrence of ultrabasic emd acid rooks associated with the 
Deccan Trap lava fiows. 

The formations show distinct three phases of igneous aictivity: the 
Deccan Trap phase, the Ultrabasic phase, and the Acid phase, all of the 
Tertiary era. The volcanic activity ip demonstrated by a host of dykes 
of basaltic composition and basic tuff (containing beautiful crystals of 
zeolite) in tHe trap rooks. 



( 6 ) 


SedUm IF, Geology, 


133 


The ultrabasio rook consists of ooeanite and ankaramite. This 
gfoup is full of olivine and pyroxene phenocrysts respectively. The 
olivine phenocrysts are found either fresh or alter^; the alteration being 
iddingsi^. This occurrence of olivine and its alteration product to 
iddingsite, in the Bombay traps is not common while the acid rock is 
represented by granophyre. 

The authors have prepar^ a tentative geological map of the island 
n■n<^ have shown the field relations, microscopic and megascopic characters 
of these rocks: also the chemical analysis of each typical rock has been 
done. The paper is further illustrated by field sketches, microphotographs 
of the rocks, and a table of chemical analyses. 

11. Notes on the occurrence of some organic material in the 
core of a Deccan Trap rock from atbore-hole at Ananthagiri 
near Vicarabad in H.E.H. the Nizam’s Dominions. 

C. Mahadbvan and L. S. Kkishnamttbthy, Hyderabad (Deccan). 

A two feet thick layer of a lustrous dark ooal-like material, scuidwiched 
between the Deccan Trap fiows was met with during an examination of the 
cores obtained from the bore-hole at Ananthagiri plateau near Vicarabad. 
A study of the steep escarpment of this plateau, however, did not disclose 
any such bed, though the log of the bore-hole correlated intimately with 
the exposed vertical section in other respects. An €«ialysis of this material 
gave the following results: — 

Moisture and organic matter . . . . 6*2%. 

Ash . . . . . . 93-8%. 

A preliminary examination of the specimen reveals the presence of 
some fibrous structure. 

The paper describes the geological section of the bore -hole, the 
results of the petrological and chemical examination of the black material, 
cuid its probable mode of origin. 


12. Origin of some buff coloured siliceous shales occurring 

in the limestones of the Bhima Series in parts of Gulberga 
District. 

C. Mahadbvan, Hyderabad (Deccan). 

Some buff coloured siliceous shaly layers occur intercalated in the 
limestones of the Bhima Series near Gogi, Sirwal, Shahbad, Kalgi and 
Korla in the Gulberga District. King refers to the deposits at Gogi and 
Shahbcbd {Memoirs, Q,SJ,, Vol. XII, pp. 168-160) and assigns them 
a definite stratigraphic position in the upper Bhima Series and considers 
them as underlying flaggy limestone beds of Jewargi ste^e. Recently 
these deposits have been studied in the field and in the laboratory. They 
sure considered to have been derived from the leaching out of calcium 
ccurbonate of the limestone beds by meteoric waters, leaving a skeleton of 
the more resistant associated aluminous and siliceous matericJs. The 
successive stages of the alteration of the limestones to the shaly product 
can be easily traced in the field. 

13. On ‘Chamockites 

P. R. J. Naidu, Mysore. 

This paper gives a petrographic description of the hypersthene- 
bearing rooks, described as Ohamockites, by Sir Thomas Holland and 
other officers of the GeologiccJ Survey of India in some parts of Madras, 
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Vellore, Salem omd Cbimbatore Diatricts, and by Mr. B. Rama Bao in 
StvaBamudram, Mysore* 

Evidence is s^ forth to show that a granite ma^ma which had been 
orystalliging in homblende-ortho-pyroxene phase intruded the arechs 
under study, giving rise to local hybrid phases of small extent, by interac- 
tion with pre-eidsung sediments, schists and gneisses, e.g., the gameti- 
toons norites (Ohamockites) of Nagaramalai, Sidem, show evidence of 
absorption of disintegrated biotite-gneisses ; the Chamockites of Kailasgarh, 
Vellore, are oontaimnated by amphibolite-schists; and in Pallavaram, 
Madras, the parallel growth of fibrous hypersthene with a pale am^hibole 
and a oohcomitant appearance of scapolite, point to contamination by 
caloareous and aluminous sedimentB. The SIvasamudreun ‘Chamockite’ 
is a typical injection gneiss, emd does not resemble the ‘Chamockites’ of 
Holland, but for the presence of hypersthene in it. 

14. A study of the granites and metamorphic rooks of Almora. 
S. P. NAtnriTAii, Benares. 

This paper deals with the petrological and petrochemical study of 
the various granites and metamorphic rocks found near Almora (29° 30^: 
70° 400 bi the Eumaon Himalayas. The rocks include schists, quartzites, 
granites and granite-gneisses. 

Many bands of granites are found intruded in a we^e-like fashion 
parallel to the foliation of the schists. All the bands are entirely gneissose 
except one which is massive in the centre and gneissose towards the 
periphery and which graduedly merges into the schists without a sharp 
margin. 

The granites bear inclusions of the country rocks which have been 
partly or wholly granitized. 

The foliations in the schist and in the granites are not €u:oompanimentB 
of the same orogenio movement. The schists were foliated prior to the 
intrusion of the granite. The igneous intrusion has produced a wide 
garnet zone and tourmalinization of the coimtry rocks. Sillimanite has 
been observed in certain schists. But the aureole rooks do not show 
distinct zones of progressive metamorphism. 

A number of chemiocd analyses are also given. The granites have 
been compared with other granites of the Himalayas. 

The problem of the age of the granites is discussed. No precise age 
can be ascertained but it is definite that the granites are younger them 
the schists emd are pre-teotonic in age. 

16. A note on the gamet-biotite-schistfromBbainskhet, Almora. 
S. P. Natjtiyal, Benares. 

During a traverse from Almora to Dwarhat the author came across 
an exposure of gcmnet-biotite-schist along the roeid from Korichhina to a 
mile e^eetd of the Bhainskhet Dak-Bungalow. The rock is interesting in 
showing the porph 3 rroclasts of biotite and garnet, the former showing the 
development across the planes of sohistosity. This paper deals with the 
petrology and chemical study of the rock. 

16. A note on the Tharali granite-gneiss, Garhwal. 

S. P. NAimyAL, Benares. 

Graiitto*|;n<^ is esmosed on the Earanprayag-Baijnath road, conti- 
nuously for a dSitanoe of about twelve miles with minor intercalations of 
slates and sohMs in between. It has no sharp junction with the schists 
nor does it ooitein inclusions. The paper describee the petrology of the 
gneisses giving their relationship with the similar occurrence at Gwaldam 
and Almqzm 
« 
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17. A petFOoheniical study of the Chamockite locks of Madras. 

K. P. Bodb and C. Rajoofalaj7» Beiiaxes. 

A collection of rooks from, St. Thomas Mount near Madras was studied 
in detail and about six distinct rook-t^ipes could be readily recognised 
ranging finom norite, through gi^odiorite to granite. These were che- 
mically analyzed and their Niggli-values, basis and norms were calculated 
and magma-types ascertained. The kata-norms were then compared with 
the modes and a genend correspondence was clearly observ^. Books 
from widely different regions and having very similar composition have 
also been compared. 


18. Magmatic differentiation in the Chamockite rocks of 
I^dras. 

K. P. Bodb and C. RAJGOFAiiAB, Benares. 

The recognition of several distinct rock-types in the Chcumockite com- 
plex of St. Thomas Mount near Madras led to a study of the interrelation- 
ship and mode of derivation of the different types. The studies on the 
lines of methods introduced by Niggli proved highly instructive. A 
complete course of crystallization-differentiation is indicated, the trends 
being those characteristic of the Calc-alkaline or Circum PcKsific Suites. 


19. A study of the provincial relationship of the Chamockite 
series. 

K. P. Robb and C. Bajgofalab, Benares. 

During the petrochemical study of the Chamookites of St. Thomas 
Mount, Madras, it was realized that the Chamockite shows a typical example 
of the calc-alkaline suites. 

The indications as given by the differentiation diagrams based on 
Niggli-values, the QLM diagram, K-Mg, K-II and Mg-r diagrams all point 
unmistakably to the same conclusion. 

The trends of differentiation observed in the Chamockite magma 
have been compared with other suites of calc-alkaline character and 
some very close cuialogies have been traced in the North American 
Cordillera. 


20. Contributions to the geology and petrology of the Bhowali- 
Bhim Tal area, near Naini Tal. 

K. P. Bodb, S. N. Vbbma, and S. M. Mathdb, Benares. 

During the field mapping of the region, pcurticularly the parts covered 
by the traps, the following rock types were met with more or less in the 
following sequence: — 

Siwaliks. 

Traps and intrusives. 

Schists and phyllites. 

Quartzites. 

The traps are found to cover a much larger area than T^as previoudy 
known. At certain places the traps are found to be associated with 
granites and quartz porphyries. 

The traps show a certain amount of variation within themselves and 
the present paper deals with the petrography of the different types. 
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21 . 


Contribution to the 
Hills near Haini 



and petrology of the Bamgarh 


K. P. BobBi I. C. Pabde, and Vishwabact Pbasab, Benares. 

A pgflliiniimry field mapping of an area over 10 sq. miles around 
Ramgarh Hills, K.E. of Naim T£, was carried out during the month of 
May, 1940, and the present observations are bcbsed on the oolleotions made 
durii^ this field work. 

The area is ohiefiy composed of quartzites, schists and foliated quartz 
porphyries together with a few bands of amphibolites. This note deals 
with the petrology of these rooks and more particularly of the quartz 
porphyries. 


22. A study of the mineralogy of the Chamockite rooks. 

K. P. Bode and C. Bajgofalan, Benares. 

It is well known that the dark mineral-components of these rooks 
show certain characters which are not quite normal to those mineral species. 
During a study of the rocks &om St. Thomas Mount, Madras, a detailed 
investigation of the mineral-oomponents of these rocks was carried out 
the results of which are communicated here. 

Hypersthene when studied chemically gave the formula: 5(A1, Fe)t08, 
22(Mg* Fe, Mn)0, CaO, 33Si02. The mine^ is characterized by a peculto 
pleochroism, marked oblique extinction and is optically negative with 
~2V « 61®. 

Augite shows, roughly, the following composition: — 

6(A1, Fo) 208, 48(Mg, Fe, Ma)0, 29CaO, NagO, 77(Si, Ti)08. 


23. Some trends of differentiation in the Deccan Trap. 

K. P. Bode, Benares. 

On the basis of a large number of chemical analyses of rocks of 
Deccan Trap region, now available, a partial study of the trends of differ- 
entiation in the Deoceui Trap magma has been attempted along the lines 
introduced by Nig^i. 

Some typical areas have been selected which show a larger range of 
differentiation products, and from which a sufficient number of rock- 
analyses are available. 


24. Progressive metamorphisxp in eastern Kalimpong Hills, 
Darjeeling District, Bengal. 

S. Bay, Calcutta. 

In the eastern part of the Kalimpong Hills progressive metamorphism 
is displayed in a series of sericite-ohlorite-biotite, muscovite-chlorite- 
biotite, ai^ musoovite-biotite schists, the progression being marked by — 

(i) the gradual increc^e in size of quartz and felspar grains from 

0*1 to 0*7 mm.; 

(ii) the gradual disappearance of granulation and sericitization of 

albite micro -augen present in the lower grades of meta- 
morphism; 

(iii) gradu^ reciystallization of albite mioro-augen to medium 

Ol^oolase; 

(iv) genemi dominance of chlorite, epidote and dino-zoisite in 

lower grades; 

(V) ajypearance of garnet in the highest grade of metamorphism. 
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The lower grade rooks resemble metamoipbosed greywaoke or medium 
gramte of the *oligoolase zone\ while the highest grc^e rook is apparently 
a pelitio schist of the * garnet zone*. 

Cktfnet also occurs within lower grade rocks where it is either local or 
marks the beginning of normal *gamet zone*. 

The origin of the chlorite of the lower grades is not determinable 
correctly. It is doubtfully regarded as secondary after biotite. This 
indicates a retrogression or derivation of the schists from shearing and 
metamorphism of a granitic rock. 

26. Age of the Kharodiwadi acid trap of Bombay, by the ‘lead- 
ratio’ method. 

R. N. SuKHBSWALA and G. S. Awatb, Bombay. 

It has been often suggested, on purely field evidences, that the 
Skcid traps like the granophyric trcbchyte, rhyolite, etc., occurring on the 
west coast of the Salsette Island are younger in age th^ the main body 
of basaltic rocks (the Deccan Traps). The authors of the present paper 
have attempted to find the approximate geologiced age dxiring which 
these acid lava of Kharodiwadi were extruded. For this purpose, five 
different specimens were collected from the well-known Kharodiwadi 
(lat. 19^ 12^ : long. 72° 49^) acid trap, crushed and mixed together, 
and the powder analyzed for its uranium, thorium cmd lead contents. 
The deduced by the aid of the ‘lead-ratio’ method gives a result of 
4*28 inillion years pointing to the Pliocene age of this acid lava fiow. 

It has been shown by Mathur that the acid traps of Madh and Salsette 
Fort are in no way magmaticedly related with each other, and the recent 
field and analytical data gathered by the present authors also lend 
support to the above statement. Thus from the data available so far 
it still remains to be explained whether the acid group of Madh and 
Salsette belongs to the older or younger horizon than that of Kharodiwadi 
acid trap. 

All chemical analyses were carried out by G, S. Awate. 

26. On the correlation of the ash beds occurring in the western 
parts of Bombay and Salsette Islands, Bombay. 

R. N. SuKHBSWALA and G. S. Awatb, Bombay. 

Various types of ash beds of Bombay-Salsette can be classified 
from their outward characters into three groups as follows : — 

(1) Massive, veiriegated and crumbling variety of Santa-Cruz- 

Khar; 

(2) CompMt and banded variety of Andheri and Madh; 

(3) Thinly Icuninated pyrite-bearing beds of Jogeshwari. 

From the ceireful field observations and laboratory study, both 
microscopic €uid chemiccd, it c€ui be deduced that the ash beds of Andheri 
(52*89% silica) and the equivalent type in Madh (54*20% silica) have a 
common origin. Also, when the silica percentages of the basic traps of 
Andheri (52*00%) €uid those of other localities in the area like Malabar 
Hill (53*12%) are compcured with those of the above €ish beds we cannot 
escape the conclusion that the ash deposits of Meulh and Andheri are in 
direct connection with the basic lavas on this west coe^t. Similarity can 
still be extended to the acid traps and the ash beds of Madh and Salsette 
Fort where the silica content (72*70%) of the broad banded ash beds is 
in close agreement with the silica contents of rhyolites (71*00%) and 
felsites (71*84%). The Jogeshwari ash shows distinct chartfcteristics of 
its own in having pyrite -development and the very low silica content of 
27*14, but from micro -characters and field study it shows points of 
resemblance with the acid traps of Kharodiwadi (61*49% silica) and 
Borivli. 



138 


Proe. 28AJ.8,0.: Part III: AbstraeU,. 


( 10 ) 


The fact that no znagmatio relationship exists between the aoid 
traps of Biadh and Salsette Fort and those of Kharodiwadi (Mathnr) is 
further supplemented by the present authors after chemical and miczo- 

S * 3al observations. After all this available data the exact sequenoe of 
followed by these difEerent types of aidi deposits remains to be 
elucidated. 

Oeneral 

27. Geological observations on the sub-sni&oe water at Hingdii 
in Parbhani District of Hyderabad State. 

C. Mahadevait, Hyderabad .(Deccan). 

In a paper on the underground water resources in the Deccan Traps 
(Jour, Hyd. OeoL, Vol. II, part 2, pp. 173-194) attention was drawn to the 
existence of decomposed horizontol layers of basalts which edited as aquifers. 
Hingoli town, situated in the Deccan Traps, illustrates, par excellence, 
the importance of geological conditions as well as ph3n9iography in the 
distribution of sub-surface water. The town is divisible into three physical 
units, i.e. (1) a southern Deccan Trap plateau with well-replenished 
acquifers at shallow depths, (2) a northern part situated in the valley, 
but consisting of massive joint^ traps to a depth exceeding 100' which 
yield little or no water, and (3) an ec^tem part situated on a similar 
hard trap, but Ckdjaoent to a tank which receives and conserves some of 
the rain water from the plateau and augments the supply of wells under 
its influence. The paper gives the geological sequence of the trap layers 
from a study of the escarpments and bore-hole logs and discusses the 
distribution of water in relation to geology and physiography in the 
Deccan Trap formations. 

28. The river system of Mysore and its relationship to the 
geology of the State. 

C. S. PiOHAMUTHij, Mysore. 

The chief characteristic of the drainage of Peninsular India is the 
marked easterly trend of its main rivers. The water-shed is the Western 
Ghats which runs almost north-north-west to south-south-east, 'riie 
paper describes the riyer system of Mysore, which though part of the 
Peninsula, possesses certain peculiar features. The water-shed is not 
parallel to the Western Ghats, situated at the extreme western portion of 
Mysore as one would expect in Peninsular India in general, but is a line 
running across the middle of the State almost due west to east, dividing 
Mysore into two. The rivers take their origin in this middle line and 
flow either towards the north or to^the south. 

A brief sketch of the geology of Mysore is then given, and the relation- 
ship of the drainage system to the meun rock formations is described. 

The paper is Ulustrated by sketch maps and profile sections. 

Economic 

29. Sulphur in ooke and methods of its removal. 

N. N. Chattebjbb, Calcutta. 

The author mentions that ooke produced from the Tertiary coals 
of India contains a high peroentevge of sulphur, and for this reason it is 
not being used in high class smelting operations. Various methods are 
discussed by w4^h sulphur may be appreciably reduced: (i) By cpenching 
red^to^ oolm; (ii) by passing hydrogen over r^ hot coke; (iii) by subse- 
quwT Quenching the red hot ooke from (ii); (iv) by action of volfi^e 
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ohlorides such as sodium oMoride; and (v) ammonium chloride. The 
author has carried out experiments in the laboratory with two specimens 
or Tertiary coal, namely (a) Namdan g coal, and (6) watcli^ coal from 
upper Assam. These ooids are of high class coking quality but contain 
3*01% and 5*10% total sulphur respectively. 

coal specimens that are carefully selected for laboratory investiga- 
tion contain only negligible qi^tity of pyrites but have very high 
percentage of organic sulphur, i.e. 2*66% and 4*64% respectively. The 
Namdang coke contains 2*66% and watching coke h^ 4*11% sulphur. 

The author has shown tl^t by quenching red hot coke with water, 
less than 1%, and by passing hydrogen over red hot coke 40% of sulphur 
content could be removed. By sodium chloride treatment about 60%, 
£uid by ammonium chloride 30% of the sulphur content could be eliminate. 

In the first four methods the quality of coke does not deteriorate, 
wherefbs in the case of ammonium chloride the coke obtained was loose 
and friable. The author suggests that experiments in these lines should 
be carried out on Semi-Industrial Scale in small chamber ovens to find out 
how fcur the laboratory methods may be successful in practice, and he 
therefore draws the attention of the coal producers in Assam and N.W, 
India to this part of the problem. 

30. An outline of the economic geology of the Ma 3 nirbhanj 

State. 

B. H. Jena, Mayurbhanj State. 

The Mayurbhanj State is very rich in economic mineral resources. 
Apart from the occurrence of the well-known iron-ore deposits at 
Gurumahisani, Sulaipat and Badeunpahar worked by the Tat^, recent 
geological survey by the Geological Department of the State has led to 
the dSiooveries of considerable deposits of vanadiferous magnetite, copper, 
kyanite, mica, china-clay and glass sand. 

Short preliminary accounts of these deposits, other economic minerals 
and mineral-products and the geological outline of the areas in which 
they are found, are given in this paper. 

Of particular interest is the extensive vanadiferous magnetite deposits 
along the north-western and south-ee^tem fianks of the Simlip^l range 
the latter containing the richest deposits smd the former continuing to 
the north up to Betjharan and Kumeurdhubi; the occurrence of a mica 
belt running cdong a N.E.-S.W. zone to the north of the same range; 
the occurrence of tourmaline and kyanite-dumortierite along a N.N.W.- 
S.S.E, zone; and lastly, the occurrence of copper ores edong a belt newly 
in the same line w the tourmaline -kyanite belt. 

Architectural and building stones, glass sand of very good quality 
and clays are also found in the State in quantity. 

31. Specific volatile index as a criterion for classifying Indian 

coals. 

C. Forbbstbb, Dhanbad. 

In a paper given before the Mining and Geological Institute of India 
in November, 1939, the author propounded a theory that the calori^ 
value of the volatile matter of a coed may be considered a characteristic 
of that coal and showed that by arranging the Jharia field coals in the 
order of this criterion, they were arranged approximately in the order 
of their rank. TTa has developed this theory. In the meantime a similar 
theory has been developed by three Canadian investigators/ who use the 
same criterion in 1932 as a means of classifying Canadian coals. The 
author now issues a more comprehensive list of Indian coals in the order 
of their cadorifle volatile indices and makes various suggestions regarding 
interpretation of the list as a provisional dassifioation of Indian coals. 
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82. StvdyoftbetAheBofhdimcotilB. 

C. F(natBSTBat, Dbsnbad. 

The author surveys the results of investigations of Indian coal ashes 
by Masumdar in his own laboratories and those of Dutta-Roy given before 
the Symposium on ooal in India in August, 1939. The question of fusibility 
is oritiowy examined. 


33. ISiDer’s earth in the Deccan Traps in parts of Chincholi 
taluq of the Qulberga District of H.E.H. the Nizam’s 
Dominions. 


0. Mahabbvan and L. S. KEiSHNAMramY, Hyderabad (Deccan). 

A layer of amygdoloidal trap gives rise in certain favoured localities 
in parts of ChinohoU taluq of Gulberga District to fairly thick beds of a 
light, porous, grey materud which sticks strongly to the tongue. An 
analysis of a type sample gives the following results : 

Loss on ignition . . . . . . 18%. 

SiOa .. .. .. 61*3%. 

AlgOa . . . . 10-0%. 

FegOa . . . . 9*2%. 

CaO . . . . 1-8%. 

MgO .. 9-1%. 


The chemical composition and physiccd properties of this matericd 
approximate to * Fuller’s Earth*. The paper describes the mode of 
occurrence, physical and chemical properties, origin and uses of this 
decomposed product. 


34. Galena in the Nalgonda District, Hyderabad (Deccan). 

S. K. Mukhebjbe, Hyderabad (Deccan). 

In the last session of the Indian Science Congress in 1940, a paper 
was read on the occurrence of galena in parts of Nalgonda District as 
revealed by the prospecting work conducted in that area. 

The present paper deals with a few additional observations on the 
mode of occurrence, origin, nature of concentration, and the associated 
gangue of the galena ore. The relative age of the quartz-calcite veins 
in which the galena occurs is also discussed. 

The paper is illustrated with block diagrams and photos. 


36. Notes on the occurrence of copper ores in the Purana 
rocks of Nalgonda District, Hyderabad (Deccan). 

Sybd Ejlzim, l^yderabad (Deccan). 

To the north of Chintriyal linage (lat. 16° 38'; long. 79° 56') in 
Nalgonda District copper ores occur in association with quartz veins 
that out through the c^oareous shales and limestones of the uppermost 
beds of the Ouddapah formations. An ancient working for copper as 
well as some megalithic monuments are found in the vicinity. The ores 
consist of chalcooite and malachite and contain from 36% to 41% of 
copper. The paper describes the geology, origin and mode of occturence 
of the deposits. 

36. Kaolin deposits of Chintriyal in Nalgonda District, 
Hyderabad (Deccan). 

Syb0 Kazim, Hyderabad (Deccan). 

Kaolin occurs IhtSrbedded in the calcareous shales and limestones of 
Ci^dapah formaitioih (liListna beds) to the ec^ of Chintriyal in Nalgonda 
District. 
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The limestone and calcareous shale of this area show certain lithological 
peculiarities; they are of a sacoharoidal texture, pearly lustre and are 
somewhat seipentinous in composition. The kaolin is believed to have 
been derived by the leaching action of these impure calcareous sediments, 
the various stages of alterations being observed. 

37. A note on the occurrence of Shilajit. 

Raj Nath and Brubshwae Prasad, Benares. 

Shilajit was found to occur in Bilaspur State (Punjab) in three forma- 
tions^ viz. Krol Limestone, Nahan Sandstone and Recent Conglomerate. 
The paper deals with the study of the coimtry rock, the Shilajit and their 
inter-relationship. 

38. A study of touchstones. 

Raj Nath and R. S. Mithal, Benares. 

The present paper deals with the chemical and microscopic study of 
touchstones extensively used in India for determining the quality of gold. 

It has been found that the particular property of the stone depends 
upon the black colour, hardness and the compactness of the rock while 
the quality depends upon the grain si 2 ^ and the composition. 

39. Iron pyrites deposits near Simla. 

Raj Nath and R. S. Mithal, Benares. 

In this paper the results of field study of the iron pyrites deposits 
near Simla, the microscopic study of the country rock and the analysis 
of the ore are given. The country rock in which the ore occurs is generally 
chlorite-sohist belonging to the Boileauganj quartzite formation. The 
ore occurs in the form of veins of large width giving an impression almost 
of sheets which are parallel to the bedding plcme of the rocks. The 
thickness of the ore body is 1 to 2 feet on an average. The deposit appears 
to contain large reserves. 

40. A source of glass sand in Bilaspur State (Punjab). 

Raj Nath and M. B. Yadava, Benares. 

The paper deals with the microscopic study, chemical analysis and 
experiments in glass melts of the semd derived from the white sandstone 
of Upper Paleozoic age. The strike of these beds is N.N.E.-S.S.W. 
They are exposed for several miles along the Bandleki-Dhar. Their 
thickness is roughly 1,000 ft. The extremely low quantity of dark minerals 
makes the sand a very suitable material for making glass. 

41. CJoal from Bilaspur State (Punjab). 

Raj Nath, Benares. 

In paper field observations on the occurrence of coal and the 
results of a study €ure given. The coal seam at Dehlag occurs 

in the Subathu (Eocene) formation. It is about two feet thick, and has 
got high dips to the east. There are indications on the smface to show 
that it extends over a sufficiently long distance. The quality of the coal 
is shown by the following analysis, on moisture-free basis, ^ of a sample 
of coal from this seam. 

Volatile matter .. •• 

Ash . . . . • • * * 28*94%. 

Fixed Carbon . . . • 60*06%. 
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42. The oocurrenoe and association of phlogopite mica in and 

about Neyyoor, Eraniel Taluq, Twrvanoore. 

V. SuBBAMANYAM, Neyyoor. 

The paper deals with phlogopite mica deposits in the area above 
named, with special reference to (i) occurrence, (ii) types of deposits, 
(iii) association, (iv) quality, size and colour, (v) by-products. The 
mica deposits occur in association with pyroxenite dykes as in the case 
of some similar deposits in Gcmada. The^ dykes occur in parallel sheets 
or bands in the above area with a N.N.E. to S.S.W. strike and a dip to 
E.S.E. whereas the prevaUing rocks of the surrounding country, namely 
the ohamockites and leptynites have a E'.N.W. to S.S.E. stnke and a 
^p to the E.N.E. The types of mica deposit met with are (a) contact 
type, (6) pocket and fissure type. The pjroxenite dykes consist chiefly 
of a greyish augite. The important minerals associated with it are 
albite, felspar and fiuor-apatite. Hornblende and anthophyllite have 
also been noted to occur with it in some places. The occurrence of 
apatite is noteworthy. The mica is usually of a light amber colour but 
deeper shcwles are also not uncommon. Certcun schists obtained as 
by-product are useful for ground mica manufacture. Phlogopite deposits 
do not seem to occur emywhere else in India. 

43. On some aluminoua refractories from Sirum, Manbhum 

District. 

H. Nai^di, Calcutta, 

In several localities around Sirum, Patkum State, Manbhum District, 
in an area between long. 86® 0' 0^ to 86° T 30^ and lat. 23° 6' 0^ to 
23° 10^ 0^ kyanite occurs chiefiy in association with vein quartz and 
partially assimilated mica schists, forming quartz-kyanite rocks. The 
country rock is composed of musoovite-biotite schists intimately penetrated 
by quartz veins and pegmatites. A staurolite-conindum-kyanite-chlorite 
rook has been found in one locality near Bcmdudih. Under the micro- 
scope the quartz-kyanite rock shows kycmite, sillimanite, muscovite, 
rutile, tourmaline and quartz while the latter, in addition to the above, 
shows staurolite, corundum and chlorite. Muscovite in both the cctses 
and chlorite in the latter are secondary after the aluminous minerals and 
staurolite respectively. The evidences for elucidating the origin of these 
rooks are insufficient but they point to the possibility that the kyanite 
owes its formation to the mineralizing efiect of the gr£uute mass in the 
immediate vicinity. 

44. A study of the different, forms of sulphur in some Indian 

coals and lignites. 

J. N. Majxtmdab, Dhanbad. 

The work was undertaken to study the forms of occurrence of sulphur 
in Indian coals and lignites and also to see if any satisfSeKstory explanation 
of the difference in the colour of ashes could be obtained from the pyritic 
sulphur content of the coals. The author has analyzed forty -nine samples 
of coids and lignites Colleoted from different parts of India, and finds that 
the ashes of many coals which contain less pyritic sulphur are decidedly 
light buff or brownidi in colour whereas those of coals containing more 
p^tic sulphur are grey or pale ^y in colour. There is no striking 
difference in the peroent^e of the different forms of sulphur in the Jharia 
field and Raniganj field c^s except that the fixed sulphur of Jharia field 
coals is higher than that of the Kaniganj field coals. The Tertiary coals 
are hi^y sulphurous and the mpde of distribution of the different sulphur 
forms in them pin^des an interesi^ng study. 
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1. Aboriginies of the Torai region. 

Fakhbttddin Awmati , Aligarh. 

The aborigines of the Tarai region have been unduly ignored by 
the workers on geographical and human aspects of man. Practically 
all the work deai&ig with them was carried out in the 19th century by 
Clol. Dalton, Crookes and others who treated the subject from ethnological 
point of view. Some reference is also found in the District Gazetteers 
and O^isuB Reports. 

Inhabiting the narrow strip of the sub-Himalayan forests extending 
firom the river Sankos in the eart to the Jumna in the west, and varying 
a great deal from tribe to tribe, and from district to district in their mode 
of living, habits and customs, they deserved attention long before. 

The paper is an attempt to describe their humcm aspect, their mode 
of agriculture, their small cottage industries, their mode of living and their 
distribution. 

2. The geographio factor in the distribution of wheat in the 

Panjab. 

Kact Saebdxjddin Ahmad, Aligarh. 

A study of the general distribution of wheat in the Province and its 
geographical background. 

Wheat regions. 

Conditions of growth — soil, climate, rainfall, humidity, cloudiness, 
temperature, winds and storms. Relation of each of these factors to 
wheat acreage and yield. 

Principal varieties grown and their geographical environment. 

Method of cultivation — rotation, mixtures, ploughing, sowing, 
spacing, harrowing, irrigation and manuring. Their effect on yield. 

Principal pests, their geographical environment and bearing on the 
acreage €md yield. 

Marketing and disposal of wheat in relation to communications. 

3. The problem of desiccation of the Ghaggar Plain. 

Saitid Mdzatbb Am, Aligarh. 

In this paper an attempt is made to investigate the problem of desio* 
cation in an area which oooupim the inter-riverain tract between the Jumna 
and the Sutlej and extends from the Siwaliks to the desert of Northern 
Bikaner. 

The condition of this^ tract is presented in tw strongly contrasting 
pictures. This area b een in recent times an arid land with a compara- 
tively sparse population. In ancient times the Ghaggar Plam, on the 
contrary, is represented by various lines of evidence as a fairly densely 
populate ooiantry, well forested and with many p<y ulous towns 
nave either been r^laoed by ■ma.l! villages or are quite abandoned. The 
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qimtionB which naturally arise are: (I) Ib the contrast between these 
two piotores so marked and tlie deterioration of the country so sefions 
as to justify an independent investi^tion t (2) If so, what are the 
geographical causes of this chan^ of conditions ? 

An analysis of facts in this connection brings out clearly that the 
historioal evidence as to the desiccation of the Qhaggar Plain is, on the 
whcde. meagre, varied and controversial. The archaeological evidence 
as well is ambi^ous and misleading. The latter has given rise to many 
* working hypo^eses* which are wholly unwarranted by facts. Changes 
of climate supposed to be responsible for the gradual desiccation of tne 
Ghaggar Plain are examined in some detail on the basis of meteorological 
and l^orical evidence. It ia concluded that tl^re has been no signifloant 
change of climate and the explanation for the less favourable conditions 
during the modem times is to be attributed to causes other than rainfall 
or climatic changes in generaL 

This leads to the discussion of various * theories * which though differing 
in detail, have agreed in the principle that there have been important 
hydrographic changes in the present Indo-Gangetic Divide during recent 
times. In general these arguments lack due consideration of obvious 
topographic features of the watershed — a fact which can be explained 
by the absence of good survey maps which were only published during 
and after the Great War of 1914. On purely physiographic considerations, 
however, it is established that the alleg^ desiccation of the Ghaggar 
Plain during historic times is due to the decrease of the surface and sub- 
terranean water and not to any climatic change. The Ghaggar has 
always been during that period the main drainage channel of the Divide. 
The diminution of water m this river has been due to : — 

(1) direct causes for instance — (a) the diversion of a few of its feeders 

to the Jumna or the Sutlej or both by natural or artificial 
causes, (6) ceuialization and increeuting cultivation in the area, 
and 

(2) to indirect causes as (a) deforestation and erosion in the hills 

m which lie the headwaters of the streams cf the Divide, 
and (6) the erosion in the plains due to over-cultivation or 
excessive pasturage. 

4. Fisheries of Bengal. 

A. K. Bakebjbe, Calcutta. 

Bengal is a land of rivers and alluvial lakes, ideal abode of fish of 
various kinds. Hence Bengal’s fisheries contribute very largely to the 
economic welfare of the provmoe. In this paper some of the Bengal’s 
fisheries are dealt with, which supply fish to Calcutta markets. Various 
methods for developing the fisheries have also been suggested in this 
paper. 

5. Geographical regions of Bihar. 

S. C. Chattbbjbb, Ranchi. 

The province of Bihar has been divided into a number of geographical 
regions based upon relief, structure, land utilization, and the state of 
economic development. The basis of division and the individualistio 
characters of each of the regions have been discussed. 

6. The Sunderbans of Bengal. ‘ 

S. P. Chattebjbb, Calcutta. 

The Sunderbans is a deltaic tract, which is being built up by a network 
of distribc^ries. Here we &id man struggli^ with Kature for his subsis- 
tence and Is adopting new technique in r^aiming new lands. 
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(3) Section V, Geography <6 Qeodeey. 

Tiw paper deals mainly with physical featutes, vegetation, growth 
of delta and man’s adaptation to deltaio environment. 

7. Geomorphology of some parts of the Himalayas. 

S. P. Ghattbbjbb, Calcutta. 

It is unfortunate that a geomorphologioal study of the Himalayas 
has not been taken seriously by the Indian Qeographers. 

An attempt has therefore been made to e:iq>lain the topographical 
features in terms of underlying structure. 

The paper embodies the results of my preliminary investigations of 
the influence of rocks on topographical features, 

8. Incidents in the habitation in Bayalusima. 

G. M. Bamaohakdban C^ttiab, Madras. 

1. General principles in human habitation — and how they are 
found generally in South India. 

2. Bayalusima and its social features — ^physical features — spare 
rains— cdtitude — health— educational facilities. 

3. Hie nature of the country and the availability of facilities for 
human habitation — ^the peculiarity of villages and towns situated mostly 
near hills and hUlocks. 

i. Biver banks and their utilization— cultivation — ^yield— crops — 

malaria and other diseases, 

ii. tanks — scarcity and insufficient supply of water — cultivation 

facilities, 

iu. hilly ranges and hills — ^material available for house building, 

iv. soils of the country — ^importance of black-soil cotton crop — 

people who take advantage of the soil, 

V. trade and Industries — sugarcane — cotton — palms and toddy — 

mat making and other minor industries, 

vi. minerals — ^iron — ^manganese— diamonds, 

vii. religion and history — growth of villages and towns due tc 

these incidents, 

viii. meems of communication — ^roads and railways — absence of 

camals. 


4. General conclusions. 

9. Market villages and i)eriodio fairs of the Bombay Kamatak. 
C. D. Dbshpakdb, Dharwar. 

Like many other regions, Bombay Kamatak is characterized by 
a pattern of market villages and periodic fairs. They are the selected 
'spots ’ where the rural community is bro^ht in contact with other regions. 
In dating cmd management, these are similar all over Kamatak, but the 
markets of the Western Kamatak do not function during the monsoons, 
and on the basis of population, sizo and economic importance there is a 
great regional contrast. Periodic fairs are 'specialized* markets claiming 
a greater and wider commercial allegiance. 

Although natural factors exercise a primary influence, it is the human 
factor, operating indir^tly, that determines the pattern of these markets 
and fairs. In Bombay Kamatak, the indirect influences of economic 
productivity and the standard of living are more important than means 
of communications and density of popiSation. 

In spite of the rise of commercial towns and development of oommuni- 
cations, there has not been any material decline in the importance of these 
markets and fairs, idthough they have undergone some changes in 
xo 



146 Proe. 28th IJ3.0. : Part III : Abstraeta. (4) 

Amotions, mainlT beeatue the exchange needs of the rural commimity 
aie growing ana the oommeroial towns have not yet fully established 
their oontaot with rural cureas, so as to render these superfluous. 

10. The industries of Mysore. 

B. Vabadabaja Itanoab, BangiJore. 

The development and present distribution of industries in Mysore are 
described in this paper. The beginnings of industrial development towards 
the end of the 19th o^tury and the great developments in recent years 
are pointed out, and the changes in the geograpluoal distribution of the 
industrioB are also dealt with. The geo|^apMoal dijETerences between 
laige*so^ and cottage industries are dutinguished and the factors 
responsible for the several aspects of Mysore’s i^ustrial development are 
anm3nBed. 

11. The transport system of the Great Moghals — A study in 

historic^ geography. 

Abbab ELabbi, Aligarh. 

In this paper an attempt has been mckde to discuss the transport 
system of the Great Moghals. The paper is divided into three parts. 
In part one internal road system of the Moghals has been diecusi^ at 
len^h giving details of geographical, political and financial aspects of 
the system, in part two the importance of river transport has been 
described and its organization fully discussed. Part three deals with 
the Koyal Navy and the description of Indian ports used during the 
period. 

12. Fruit industry of the Panjab. 

FABHATUiiLAH Khan, Lahore. 

The paper opens with a discussion on the historical background of 
the development of gardening during the Hindu and Muslim period. 

The geographic^ factors of soil and climate combined with the 
artistic taste of the people under the royal patronage of the Moghals 
introduced a new chapter in the growth of this industry. Modem scientific 
researches on food vsdue have given a fresh impetus. 

The types of fruits and their distribution have been geographically 
analyzed. 

The smaUnesB of acreage uqder cultivation and difficulties like that 
of marketing, transport and middle-man’s profit are a few sali^t handicaps 
under which this industry is suffering. 

The paper closes with the future possibilities of development of this 
industry. 


13. The geographic basis of the legendary origin of Kerala. 

G. Kxjbiyan, Madras. 

Kerala according to the many legends in vogue has been raised up 
from the sea by Barasurama. There is a wealth of geological, ffistorioal 
and literary evidence to show that these legends are not to be rejected as 
puerile. 

The plateau laterites of Kerala have in general an elevation of 500' 
to 600' while the vaUey laterites and the Warkkalay formations are 
found at a level of 250'. The plateau laterites are the remnants of a 
plain of Blfia^ne denudation and &e Warkkalay formations are subaquous 
In origin. Tima the land of Kerala has been vertically lifted up to form 

XOB 
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two difforsog lovelii, probably in two stag^, the latter of which was perhi^pa 
during pliocene or pojd;-pliooene times. That there has been a vertical 
uplift oi nmrly 260' is also evidenced by the remains of coral reefs in 
^^zhappalli and by the marine md estuarine shells found in several parts 
of Kerala» e.g. near Kluttipuli, in borings of the Kallayi river, in the 
banks of the Beypore river, etc. 

During the mt glacial period, the sea level became markedly lowered 
partly by the actual abstraction from the ocean of large quantities of 
water that were looked up in the polar regions in the form of ice, and 
partly by the mass attraction of these large ice masses that drew a 
further quantity of water away from the tropical regions towards the 
poles. ^6 sum of these factors caused a fall in the level of the sea which 
IS conservatively estimated at 60 to 70 metres, about 260'. It is thus 
probable th^t glaciation has been the main cause in bringing to light the 
regions of laterite and the Warkkalay formations in Kera^. 

That the land west of these formations has been lifted up subsequently, 
is to a certain extent indicated by a study and analysis of the place-names 
and also by the fact that these traditioned legends ascribing miraculous 
events (although natural in themselves) to superhuman agency are 
treasured up in human memory. 

14. The distribution of population in the oity of Madras. 

G. Ktjbiyan, Madras. 

In this paper an attempt is made to study the actual distribution of 
population in the oity of Madras from the earliest days up to the present. 
There has been very little change in the size of the city for the past 200 
years and reliable statistical information is available for the last 70 years. 
The growth of the city has been spasmodic. Its growth is purely due to 
accretion and is thus dependent on a multitude of extraneous factors. It 
is also found that the distribution characteristio of the population in the 
oity, has been constant throughout the period 1871 to 103i. As in 1871, 
so even to-day, it is true to say that Madras is a connurbation being made 
up of several distinct towns with a loose agglomeration of villages and it 
jxissesses extonsive and largely undeveloped tracts. In its development 
however, there is much to be desired. 

16 . Gauges valley tube-well scheme, 

V. S. Mathub, Ujjain. 

The Ganges valley tube- well scheme has proved useful to the culti- 
vators for the winter crops as well as the summer crops. 

After a general introduction the Grid scheme has been discussed 
first and with this as the base it has been tried to disQUSS the Tube-well 
scheme. 

Whatever gain the various districts have derived li^ been discussed 
in the end. The districts involved are those of Bijnor, Moradabad, 
Budaim, Muzafifamagar, Meerut, Bulandshaher and Aligarh. 

16, Fluctuations of population in a mining centre— the Baniganj 
coalfield. 

D. B. Mitba, Calcutta. 

The Baniganj coalfield was one of the earliest deposits to be exploited 
in India and therefore supported a dense population, mostly engaged 
in the coal mines. The paper is an attempt to show the nature of this 
population — ^the changes that have taken place in its density and distribu- 
tion and the geographical and other causes that have brought about this 
change. 
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17. Agrioultiiral regions of the United Provinces. 

B. N. Mttkbbji, Calcutta. 

The pxovmoes have been divided in this paper into its agrioultnral 
regions based mainly on the crops. The study of factors that are 
responsible for the cropping have been duly taken into consideration. 
Wherevw relief has bem responsible for a particular type of crop- 
pingf certain contours have been taken as boundary lines of the above 
regions., Similarly, where rainfall has been responsible, isohyets have 
become the boundary lines of the regions. Other fiustors like irrigation 
end soil have further helped in clecurly defining the boundary lines of the 
regions into definite sub-regions. 

18. The battle of the oities. A geographical study, r 

B. Mukhbbjbb, Lucknow. 

The paper makes an analytical enquiry into the competition between 
Calcutta and Bombay for the position of Urbs prima in India. 

The physical life and structure of a city is susceptible of accurate 
mathematical measurement. But its psychological life — its cnilture and 
character, its mind and mood — elude such xnathematioal treatment. 

The following definite and well-known tests are applied to determine 
relative ranking. 

Growth of ^pulation: Growth of suburban area: Centrifiigal 
tendencies. Density of population. Cosmopolitan character of the 
population. 

Position of the two ports: Locale; area; shipping and pilotage; 
Trade served by the ports; Hinterland, l^trepots. The Hooghly; arlver 
of ruined empires and lost capitals; the battle oetween nature and science: 
River-training and river-control. 

Shipping: Bombay’s special advantages over Calcutta: Tonnage 
•entered and cleared in both. Port income and expenditure. 

Trade of the two ports ; number and importance of trade organizations. 
Pinancial positions: Clearing House returns: Reserve Bank shares: 
Bullion market: Securities market. Minting and Coinage in both centres. 

Municipal income; expenditure; civic and municipal amenities; 
Medical facilities. 

Importance as educational centre. Strength of the local judiciary. 
Importance as Railway centre; control of arterial routes: Air-ports. 

Position as intellectual and political centres. Architectural beauties. 
Position as manufacturing and industrial centres. Social services and 
civic amenities. 

Scope for future expansion development. 

19. Possibilities of augmenting Karachi’s water-supply from 

artesian sources. 

M. B. PiTHAWAiLA, Karachi. 

For a long time Karachi — ^the only city worth its name in Sind — has 
been suffering for want of sufficient water-supply owing to scanty and 
variable rainfaU (7 inches average). Th6 city has been allowed by the 
ELarachi Municip^ity to grow, without restrictions, on all sides, the 
estimated total population being 5,00,000. Only about 10 million gallons 
per day can be tapped fh>m all the present waterworks, viz. half a dozen 
shaUow wells, a couple of tube-wells, and fioating galleries, all lying in 
the alluvium of the Malir rivor (a unique system of water-supply in Inma). 
The author has now oollected some data to prove that another 10 million 
gallons per day could be seciured from some 10 deep borings for artesian 
wells m the v^ey a cost of Rs.25,000 per well. The paper contains 
a detauiea acoounA of On eiq»erimental artesian boring directed by him and 
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oaiTied to 600 feet through Oaj limeetones at Duznlotte and now supplying 
ahont 80,000 gallons of potable water flowing 8 feet above the sumoe, 
for the past four months, thus proving at least semi-artesian condition 
in the area. The deeper the boring is carried, the better is the supply. 

20. Possibilities of developing Sind industries. 

M. B. PethawaIiLA, Karachi. 

The papw deals with the ii^sibilities of developing riie industrial ^ 
resources of Bind along certain soientifio lines. Hitherto the developmhnt 
has been haphazard. A geographical background has been created and 
a provisional industrial map of Bind has been prepared, showing the 
IcK^ties and the resources which can be organized and developed. 

Sind suffers from scarcity of power pl^ts of any kind; there are no 
chances of water falls except Tando Musti Khan fall (in the Rohri canal, 
Khairpur State) and no workable coalfields, though a few scanty demsits 
have been recently noticed in the Kohistan Section. Prospecting for oil 
has also been suspended due to the war. Suggestions have been made 
by the author in the present paper for (1) constructing a dam across the 
^bb and creating a fall a few miles above Hinidan, (2) utilizing solar 
energy in Upper Sind, and (3) usii^ wind currents for wind inilla in 
Lower Sind. 

21. Tutioorin — a town study. 

V. Tyaqa Baja:n^, Madras. 

Tutioorin, the largest town in the Tinnevelly district is an important 
port serving many districts of the southern part of the Madras Presidency. 
Its growth is due to the hinterland which grows cotton. Population 
increased with the growth of trade. Several branches of the cotton 
industry were start^. The Municipality reclaimed the town firom a 
semdy and a swampy area and improved it by the provision of water- 
supply, good drainage and sanitary arrangements. The town was soon 
rid of epidemic diseases and it grew into a healthy oescitre. The place is 
furnished with a net-work of well-laid roads. The people are distributed 
among the different localities according to their occupation. The Parayans 
an ancient race of people living ne€kr the sea, are engaged in fishing, diving 
for chanks and collecting pearl oysters. Though the old-fasluon^ 
methods of handling goo(& have lessened the importance of Tutioorin 
as a port, it has grown into a first class city and a healthy sea-side resort. 

22. Effects of flood- water erosion in the Bhutan frontier in 

the Brahmaputra valley. 

J. N. Roy, Calcutta. 

There is a low land at the foot of the Bhutan hills and in the rainy 
season water comes down in strong currents and cuts a course through 
the low land fiua is always the case in the hilly countries. It seems to 1^ 
a veust sheet of water having strong currents in the rainy secuson and in 
other seasons quite dry. It is capricious in nature, its origin and course 
v€uying every year. 

In this paper attempt has been made to discuss some of the problems 
relating to erosion by flood-water in this part of the country. 

23. Biegional distribution and relative growth of the cities of 

Tamilnad. 

N. Sttbeahmanyam, Madras. 

The paper diBOuases the regional distribution and relative growth of 
the cities (with population over 60,000) in the Tandl country during the 
60 years firom 1871 to 1981. 



jProc. 28th 1.8.0, : Part III : Abstraela. 


( 8 ) 


ifio 

(1) TIm five oitiea of oIms I (with'popidation of over ItOO^OOO) are 
flhown to be dk^buted in each of the miun. historio sub-r^ons of 
Tamilnad — Tondaimatidalam, Oholanad, Pandyaaad (North and South) 
and Kongun^; and twelve cities of classes 1 and II (over 50»000) are 
also evenly distributed in almost all the districts, instead of being bunched 
together as in the Andhra country. 

(2) outstanding influences on the growth of population in the 
several oitieB in each of the six decades are next considered. 

(8) The individual and relative growth of the twelve cities during the 
p^od is next discussed one by one in order of population of 1931 ^ong 
wito the factors influencing their growth. 

A forecast is incidentally made regarding the likely developments 
in the next census (of 1941). 

24. The State tube-well irrigation soheme and its e£feot on the 
rural economy of the United Provinces. 

MoHAHUAp Toumrs, Aligarh. 

The western districts of the United Provinces have scanty and 
'precarious rainfall and agriculture without artiflcial water-si:^ly is almost 
unpossible. Here 1,600 tube-wells have been constructea to serve an 
area of about 2,900 sq. miles. 

In spite of the fact that the area under tube-well irrigation is well 
supplied with gravity canals, still these canals cannot supply the required 
amount of water, without seriously affecting the supply in the south- 
western districts of the United Provinces, due to seasonal shortage of 
water in the rivers. The tube-wells form the most adequate means of 
water-supply where cheap electric -power is available. 

The cheap and certain water-supply from the tube-wells has cheapened 
and improved the yield of existing crops and has given impetus to the 
cultivation of more paying cash-crops, such as long-staple cotton and 
sugarcetne, ousting the cheap food-crops. 

The tube-well scheme has definitely improved the condition of the 
cultivator and its benefits to the village have been the best form of the 
so-called * rural uplift*. The tube-wells are supplied with transformers 
from which cheap electricity can be transmitted to small industries such 
as the village sugar crushers and centrifugals, cotton gins and oil pressing 
*Blolhus’. Thus the tube-wells are becoming the real point of rural uplift 
and the efforts for the betterment and happiness of the cultivator can 
successfully be made in the area. 

The success of the scheme in this region will also help other similar 
districts where water-supply is uncertain and precarious. On account of a 
great demand for cash-crops, the cultivators are repeatedly taking out 
rich crops, which deplete the soil resources. As regards the increased 
production it must be realized that immediate steps should be taken to 
check soil exhaustion by encouraging better fertilization of lands and 
rotation of crops. 

26. A r&iim6 of the trends of population and crop production 
in the United Provinces after 1931. 

Mohammad Yottnus, Aligarh. 

In this paper, an attempt has been made to study the growth of 
population in the United Provinces, after the Census of 1931, in relation 
to the increase of acrisage under crops. 

The increase of population in the United Provinces has been much 
smaller as compared t^h other parts of India ; and the growth of population 
has been mainly obxifined to the regions where the agricultural and health 
conditions havp been favourable, yet the struggle for life, it seems, is 
getting hs^rdeTi^imd the low stan^rd of living does not justify any addi- 
tions to the ee|wtmg population of the Provinces. 



(«) 


151 


Rectum F, Oeography dt Geodesy. 

The total crop area has also moreased by about one million aorest 
but the area lander food-crops has remained almost stationary, owing to 
the displao^nent of cheap food-crops by the more paying cash-crops. 
Due to the increeu9uig pressure upon land, fresh areas are being brought 
under plough and there is an increasing practice of double-cropping. 

The population is, no doubt, multiplying and the rate of increase 
may create anxiety, if the means of subsistence do not keep pace with the 
growth of population. It is evident that the potential increase of the 
means of sulraistence is subject to the real limitations owing to the cultivable 
land being absolutely limited, while population knows no limits. If we 
consider the economic condition of the people it may be concluded that 
the increase of population has out-stripp^ the means of subsistence. 
But from a general survey of the economic resources and agricultural 
and industrial potentialities of the Provinces there is every likelihood 
of a controversy against our former conclusion, and then, it wUl still 
remain to be decided: Are the United Provinces over-populated T 

26. G^graphical basis of sugar industry in Bihar. 

Qaisab Husaik Zaibi, Aligarh. 

The paper begins with a historical survey of the industry showing 
that Bihar has been well known for the manufacture of sugar since early 
times cmd there has been a phenomenal development of the industry after 
1932. At present Bihar occupies the second place among the sugar- 
producing provinces of India. 

The geographical distribution of sugarcane crop is studied in relation 
to the suitability of soil, climate, water-supply and drainage. Adequate 
rainfall and large quantities of sub-soil water make x>osBible the cultivation 
of 70% of sugarcane without the help of irrigation. 

In view of the variability of rainfall and long dry season succeed^ 
the monsoons experiments are being carried on to evolve drought-resisting 
varieties for cultivation in non-irrigated areas. Great possibilities of 
increase in acreage under sugarcane are anticipated on the installation of 
tube-wells for which a comprehensive scheme is being formulated by the 
Imperial Ooimcil of Agricultural Research. 

The importance of sugarcane to cultivator as a cash-crop cannot 
exaggerated. It has been responsible for a healthy influence on his outlook 
and for improving his methods of cultivation. The industry has a great 
future and with it is vitally connected the prosperity of the peasant 
class in Bihar. 
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Algae 

1. The possible rdle of p 3 nrenoids in algae. 

S. B. Bosb, Calcutta. 

In most of the chlorophyoeae a very faint pinkish stain visible under 
the oil immersion lens is found in the actual pyrenoids at the centre; 
according to the recent view (G. W. Smith) psrrenoids synthesize starch, 
they are not probably reserve protein as several pyrenoids are found even 
in the youngest cells of Oedogoniitm and Spirogyra, they are intimately 
concerned with starch-formation in CMorophyceae, In Diatoms where 
there is no starch-sheath. Smith has hinted that the pyrenoids possibly 
function as elaioplasts and may be concerned in the formation of oils, 
the seune faint pinkish stain is found in these pyrenoids. In Myxophyceae 
which have no pyrenoids and where reserve substances are usually glycogen 
and fat, pinki^ vacuoles have been found, usually one in each oeU. 
So probably the pinkish stain constitutes the enzymes which are concerned 
with syntheses of various food-reserves found in different groups of algae. 
This pinkish stain is not found in old or disorganized plasmolysed cells. 
It seems very stable, it does not dissolve in absolute alcohol, acetone, 
petrol ether, ether, xylol, chloroform, benzol, lactic acid, acetic acid, 
chromic acid (2%), H202> caustic pota^ (2%), or pyrMine. With strong 
KOH (10%) the colour disappears except in the case of Myxophyceae, 
With Wratten filters the colour remains visible. The same pinkish stain 
has been found by me {Current Science, 1939) in vacuoles of growing hyphae 
of diverse groups of fungi, evidently being connected with the general 
metabolism of the fungi. 

Pyrenoids give protein test with Millon*s reagent, by some they 
are regarded as crystaUoidal in character. The enzyme crystals so far 
obtained are all protein crystals. J. H. Northrop has recently dealt 
with these crystalline enzymes in his remarkable monograph of 1939 
(Columbia Biological Series, No. 12). 


2. Revision of marine algae from the ooast of Bombay. 
Kalipada Biswas and GtOpal Mitra, Sibpur. 

The earliest collection of marine algae was made by Wallich about 
one hundred and eighteen years ago. W. J. S. Pullen in 1859-1860 
gathered some specimens of marine algae from Karachi. J. A. Murray 
in 1881 made a good collection from the Bombay coast, mainly Karachi. 
His collections were evidently in several sets. One set is in Kew, another 
in the British Museum and a third in the Calcutta Herbarium. Murray’s 
specimens along with others have been worked out by Pvof. Borgesen 
who himself with Dixit, Ayenger and Naik collected abundant materials 
while he was in India from December 1927 to Jcmuary 1928. He has 
niade a number of contribution on this gathering too. Some of his 
conclusions on the geographical distribution of Northern algae of the 
Arabian Sea based on Murzay’s collection at Kew are erroneous which 
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Box^gttMn redtifidd in his note on a subsequent papor on Bombay marine 
algae. 

The total number of species, varieties and forms of marine alfl^ 
known to us firom the western ooast of India is 226, of which twelve 
species collected by J. A. Murray from Karachi have not yet been recorded 
from the Arabian Sea, a list of these twelve species is noted. These 
226 algae are represented by Myxophyoeae — 5, Chlorophyoeae-— 52, 
Hiaeopbyoeae— 38, and Florideae— 131. Of these again about 17*5% 
are endonio to Bombay and Sind. The Atlantic or North Western 
element is represented by 62%, and Malayan or South Eastern element 

66 %. Thus the census reveals, as already indicated by previous 
phyoologists, that the Malaysian element is more dominant than the 
Atlantic, llie difference, however, is not very great. This may be due to 
the geomphioal position of Bombay and Sind in Eastern Arabian Sea. 

A oet^ed ^Id investigation and a careful study on the different 
aspects of the marine algae including Biatomalea ranging for at least three 
different seasons are lilmly to throw light on many important questions 
such as distribution, nature of the growth and yearly production of the 
economic species. These data are of considerable value not only to pure 
researches but also to the important question of utilizing the marine 
vegetation for many useful purposes. 


3. On some phases in the life-history of the terrestrial alga 
Fritachietla tvberoaa lyeng. and its auteoology. 

Bama Naoika Singh, Benares. 

FrUschiella tuberom lyeng. has been found growing in *Usar* land 
soils of Benares district, especially in a vast tract in Pahari village, which 
is situated about five miles away from the Benares Hindu University 
premises. The alga makes its appearance in the beginning of July, soon 
after first few showers of rain. 

The formation of swarmers in the alga has been observed cmd studied 
both in the fresh material collected from the field and in plants which 
have been maintained and obtained under natural cultures in the 
laboratory. Three kinds of swarmers, the quadrifiagellate macrozoospores, 
the quadrifiagellate or bifiagellate microzoospores, and bifiagellate swarmers 
representing gametes, like those we find in the genus Ulothrix (especially 
in zoncOa), are formed. Swarmer-formation is confined to the prostrate 
system of the plant. The behaviour of these swarmers has also been 
studied. The macro- and micro -zoospores germinate directly to give 
rise to new plants. The gametes (all alike), from different plants, fuse 
to form the zygotes. 

The alga grows imder highly alkaline conditions of the soil. The 
pH ranges from 9*6-11. The B 7 Values are found to be between 460 m.V. 
and 625 m.V. The eunmonium-thiocyanate test gives negative results 
and the diphenylamine test for nitrates appears to be positive though 
not appreciable. The orgemic content of the soil is more or less negligible 

(1-2*3%). 

The alga grows at a very low moisture content of the soil. It has 
been foimd tlmt the vegetative cells from the different systems of the 
plant behave differently towards the plasmolyzing solutions of sea-salt. 
The cells in the prostrate system require highest concentrations. 

The evolutionary significance of the alga heis been discussed. 


4. The role of blue-green algae in the reclamation of ‘Usar’ 
land, 

Bama Nagina Singh, Benares. 

During the water-logged period a large number of blue-green algae 
have been# found to grow both under field conditions and in natural 
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oulturei xnaintaiiied in the laboratory. It ba w been observed that with 
the increasing number of these ateae the soil oonditions change oonsidw- 
ably. In the first instance the alkalinity of the soil decreases fit>m pH 
11*70 to 7*4. The overstanding water, which forms an integral part of 
the same soil system, behaves similarly with regard to the reaction of the 
medium. It cmpe^s therefore that the injurious salts—the carbonate, 
sulphate, and chloride of sodium — ^whioh make these lan^ unfit for growing 
crops, are removed and utilized by these algae. Next, with the decay 
of some of these algae the organic contents of the soil increases from 1-2% 
to 4-6%. A fresh crop then comes up and the same cycle is repeated. 
The oxidation-reduction potential changes from 452-556 m.V. to 320- 
325 m.V. The ammonium-thiocyanate test gives positive results and the 
reduotivity has the value 3, due to increased microbial activity. The 
total nitrogen of the soil increases from 0*0082-0*028% to 0*134%. It is 
concluded therefore that these minute plants can claim to reclaim 'Usar* 
land soils. 

From the above observations a method for reclamation has been 
suggested, which can be applied by the average Indian farmer. 

6. The algal flora and its periodicity in ^Usar ’ lands of Northern 

Ind^. 

Bama Nagina Singh, Benares. 

The algal flora and its periodicity has been studied in Gorakhpur, 
Azamgarh, Benares and Mh^pur districts of Northern India. It has 
been found that the algal flora is mainly constituted by the Myxophyceae. 
It is more or less constant. The first algae to invade such lan^ are 
formed by a community, constituted by Microcoleua chthonoplaMea Thiu., 
ScyUmema ooeUcUum Lyngb., and Phormidium foveolarum Gom., which 
appears just after the firat three rains. A variant of this has been observed 
in some of the vast tracts of Benares and Mirzapur districtSyWhere 
FrUechiella tuberoaa lyeng. community with a co-doxninant of Protosiphon 
hotryoidea (Kdtz.) iClebs, Botrydium tuberosum lyeng. and Zygogoniwm 
ericetorwm Katz, grows. In some of the soil samples collected /rom 
village Madhopur of the Benares district and kept under cultural conditions 
in the laboratory, a saprophytic colonial Volvocales, probably a new one, 
the generic and specific position of which has not been possible to deter- 
mine, appeared. The next to follow, under increased water -logging, is 
the AnabaefM community formed by Anabaena vcuridbUis Katz., A. 
torulosa (Oarm.) Lagerh., Nostoc oarneum Ag., and Oylmdrospermum 
muscicola Katz. 

6. The soil complex in relation to zygospore formation and 
perennation in the desmids. 

Bama Nagina Singh, Benares. 

The soil complex leading to zygospore formation and perennation, 
which, as has been described and maintained previously to be a rare 
phenomenon, in a community of Desmids, growing in small cemented 
water-reservoirs of the Botanical Garden of the Benares Hindu University, 
has been studied. It has been found that the reproductive phases occur 
under highly reducing and acidic oonditions of the medium. The pH 
value ranges from 4*8-6*4. The oxidation-reduction potential is 195-333 
m.V. The ammonium-thiocyanate test gives the reductivity value as 4. 
The diphenylamine test shows a negative result. Intense apamonification 
is observed due to increased microbial activities at temperatures 40— 45®C. 
in the summer months. 

The agencies concerned in the distribution of these Desmids within 
the restricted area of the Botanical Garden, from one water-reservoir to 
the other has been studied. It has been found that some of these Desmids 
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da not fomi vygqapoteBf while in others eygospore-fonnation is confined 
only to summer months. They com wii^ the unfisvourable conditions 
in their shrirdled up vegetative oonmtion. In this state they are able to 
pass lo^ periods. On th 6 return of favourable conditions the dried up 
vegetative cells regain firesh growth and activity. 

7. On conditions leading to perennation and spore-germination 

in Microchaete inveatiena Fr^my var. indica var. nov. 
and its morphological significance. 

Baha Naoina Sikoh, Benares. 

The alga has been obtained growing on ordihary glass slides which 
have been suspended in the Botanical Oeurden pond of the Benares Hindu 
University. It forms a ^pery deep blue*green stratum on the slides. 
Some of these slides have oeen cultur^ in the laboratory in glass specimen 
tubes containixig pond water. After maintaining the cultures for about a 
year or so it has been observed that the alga formed spores* which 
germinated in about a month. The different stages in germination leading 
to the formation of new plants have been studied. The method of 
germination has been found to be similar to that described by Fritsch for 
Anabttena AxUae Strasb. During its germling condition the alga could 
be mistaken for a species of the genus Caiothrix and it is this behaviour 
of the alga that aroused interest for its detailed study. 

Perennation of the spore cmd its germination in the alga occurs under 
extremely mimicCl conditions of the cultures. The oxygen concentration 
kin the culture solution has been found to be 0*6593 c.c. per litre. The 
pH value ranges from 4*5--6*2. The redox potential varies between 
190 m.V. eund 220 m.V. The reductivity has been calculated to be 4* 
and the diphenylamine test is negative. A good deal of ammonifioation 
has been found to occur because of the presence of a number of bacteria 
in the cultures. 

The interrelationships of the families Microchaetaoeae and 
Bivulariaceae have been discussed. 

8. On a perennial form of Scytonema (8. ocellatum Lyngb. 

forma minor Bharadwaja), and its anteoology. 

Baha Naoika SoroH, Benares. 

The autecology of Scytonema oceUcUum Lyngb. forma minor 
Bharadwaja* has been studied* especially with respect to its soil require- 
ments. llie alga has been found to grow throughout the year and hence 
it is considered to be a perennial form. 

A prolific growth of the alga takes place at a soil moisture of 10-40% 
of the water-holding capacity of the soil. The oxidation-reduction 
potential varies between £ 7 * 359 and 456 m.y.» and at higher values 
(406-456 m.V.) the growth is abundemt. The pH ranges from 6*2-7*4, 
and at higher pH values the number of individuals of the alga per 0*5 
sq. cm. of the soil is more provided the redox potential is fairly high. The 
ammonium-thioi^anate test shows that the sou samples lack in reductivity. 
The diphenylamine test for nitrates in the soil shows that the results are 
positive. 

It is concluded that on the whole the cdga enjoys a perfectly oxidizing 
condition of the medium. 

9. A systematic account of some diatoms of Karachi. 

Tasloe Singh, Lahore. 

Practically no work has so far been done on the marine diatoms in 
India. In this paper an attempt has been made to give a deteuled account 
of some diatAms collected mainly from the Manora Island, Karachi. 
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On the whole 61 fonns, representing 22 genera, have been described. 
All these forms are new records for the Indian shore, 5 are new varieties, 
and 7 new forms. 


Fnngi 

10. Studies on the root-rot of cotton in Sind I. 

N. Pbasad, Sakrand (Sind). 

1. Isolations were made from rotted material from Sakrand, 
Shahdadkote, Mirpixrkhas and Dadu. 

2. Over seven hundred isolates of Fuacvrium and BhizocUmia were 
obtained and they were Rouped in seven different groups. 

3. Three types of isolates were found to be parasitic, one of them 
belongs to the genus Fusarium and the other two to Rhizoctoma, 

4. FueaHum and Rhdzoctonia were found to be more parasitic when 
together than either of them singly. 

6. The morphologic characters of FuaaHum and Rhizactonia were 
studied. 

6. The Rhizoctoma was found to be Macrophamina phaoedli (Manbl.) 
Ashby. 

11. Downy mildew of 8etaria verticiUata Beanv. 

A. K. Mitea, Allahabad. 

Downy mildew {Sclerospora grcmdnicola (Saco.) Schroet) has been 
observed on Setaria verHcUkUa for the first time in India by Prof. J. H. 
Mitter and the writer. The present paper gives a full description of the 
fungus on this host as well as the results of inoculation experiments. 
Only the conidial stage has so far been found. Measurements of conidia 
and conidiophores under optimum conditions are given. The conidia 
possess a prominent apical papilla. They are very sensitive to variations 
of temperature. Beyond 28^0. they fail to form zoospores. A series of 
stages in the formation of the zoospores has been given. 

12. A root-rot disease of Morus alba Linn. 

T. C. Roy, Calcutta, 

Investigations have been made on the root-rot disease of the mulberry 
plants (Morus alba Linn.) as supplied by the Sericulture department, 
Grovemraent of Bengal. Isolations ma<de from the discoloured wood of 
roots of the infected plants yielded consistently a fungus Diplodia morina 
Syd. Inoculations made with this pathogene on healthy plants were 
successful. The fungus enters the root and ultimately blocks the xylem 
cavity of the root causing rot in the roots and a definite shrinkage in 
the leaf. ^ 

The growth behaviour of the pathogene under different temperature, 
pH and conditions of nutrition has been observed. The roots, before 
and after the inoculation, have been analyzed for sugar (both total and 
reducing), total nitrogen, total phosphate, Sulphur, Imn, ash and water 
content and a considerable amount of variation has been noticed. 

13. Seasonal distribution and comparative study of five 

Aspergilli isolated from the atmosphere. 

R. C. Salijja, Lahore. 

Presence of species of Aspergillus in different seasons of the year 
has been studied. Five Aspergilli namely : A. nigef ; A. fumigatuo ; A . 
t&rreua; A, nidulcme and A* glaucua have been isolated and studied in 
culture. The last one is a new find. 
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14. A study of the BeuioiUia oausiiig rots of animals and 

fruits. 

B. C. Lahore. 

Three Penioillia, viz* : P, expensum ; P. cUrinum and P* ^igikU/um 
have be^ isolated and studied. Growth ohoraoters in diBforait m^dia at 
different ten^ratnres have also been studied. 

15. Study of some rusts of the Ponjab. 

TCautau. Sikoh Thini>, Lahore. 

Morphological study of 8 rusts on 9 hosts including those on Asp^agt^ 
ffraeUU and Cfretpia aaicUioa vdiich were not recorded previously in this 
country. Teleuto spores of Uromyoea anthyUidia on TrigoneUa faenttm- 
graaown have also been recorded. 

16. Milder of the Central Punjab. 

Kabtab SmoH THmn, Lahore. 

A. 15 species of peronospora causing downy mildews of 25 hosts 
belong to 7 different families. 

B. Some species of Brysiphe causing powdery mildews of 9 different 
hosts. 


17. Cercospora of Lahore. 

Kabtab Singh Thinb, Lahore. 

A number of Cercospora species have been collected on 25 hosts 
distributed over 12 feunilies. The presence of Cercospora on 14 hosts 
has not been observed previously in this country while on some of these 
hosts not reported fn>m anywhere. 


Oymnosperms 

18. A study of the pistillate plants of Ephedra folicUa Boiss. 
found at Brigh Road near Karachi in Sind. 

B. N. Mulay, Euaraohi. 

, 1. The morphology of the fftstillate plants of Ephedra folicUa has 
been studied. 

2. It has been observed that the flowering time of these plants is 
different from that which was previously known. These plants flower 
throughout the year. 

3. Jacket cells have been studied in detaiL It has been observed 
that they may have two, three, or even more nuclei. 

4. The cells of the female gametophyte may have a varying number 
of nuclei. 

5. Just a little before fertilization or just a little time after fertiliza- 
tion a nuclear fusion in the gametophyte takes place. From this fusion 
result ceUs in which starch is formed in abundance for the nouriG^unent of 
the yom^ embryo (Trophophyte). 

6. ^sion of the jacket nuclei also takes place. 

7. The ventral canal nucleus enlarges pari passu with the egg 
nucleus. 

8. Onp sperm nucleus fuses with the ventral canal nucleus. This 
fusion product is used os the food for the nourishment of the embryo. 
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19. Chromosome number in Ephedra foiiata found in Sind. 

B. N. Mxtiay, Karachi. 

The chromosome number in Ephedra species is now generally believed 
to be seven or a multiple of sev^. In Ephedra foiiata the chromosome 
number is also recorded to be seven. However, observations made on the 
8eune species found in Sind go to show that the chromosome number 
found in these plants is definitely more than seven (X). 


Angiosperms 

20. Conservatism of the vascular system : Comparative anatomy 

of normal and pentaphyUous Bioarpellary flower of Oagea 
fascicvktris. 

A. C. JosHi, Benares. 

A comparative study has been made of the vascular anatomy of 
normal and a variant flower with only 5 perianth leaves, 5 stamens and a 
bicarpellary gynoeoium of Oagea faeneuUma (Lihaceae), which had 
resulted from the loss of one of the inner perianth leaves and stamens 
and one carpel. The study shows the total absence of any rudimentary 
vascular traces for the lost organs. The vascular plan of the flower as a 
whole, however, is not so affected by the loss, and from the consequent 
development of asymmetry gives indication of the parts lost. ExternaUy 
the loss of a perianth leaf and stamen results in the development of a 
groove on the pedicel. 

21. On the morphology and anatomy of the root system in 

AepJhoddvs tenuifoliua, 

D. D. Pant, Lucknow. 

The root system in Asphoddua ienuifoUua as described by Professor 
K. R. Mehta (1934, JJ.BJ3., XIII. pp. 271-276) and by Professor Sahni 
(Ctirr. Set., Ill, 11, pp. 655-669, 1936) is, so feur as we know, unique among 
the Monocotyledons, if not among the entire group of Angiosperms. Unlike 
aU herbaceous Monocotyledons, here the primary root persists and 
intracortical roots travel downwards in the cortex of the main root. A 
periderm is developed round the cortex of the main root and partial 
periderms are developed on the outer sides of the cortex of some of the 
intracortical roots. 

Professor Sahni had remarked in his paper that the root system 
of this plant * deserves a more detailed investigation*. One of the points 
left in doubt was, how the roots originate and where they begin to bend 
so as to run downwards through the cortex. The present paper attempts 
to deal with this question in some detail. 

Serial hand sections, both longitudinal and transverse, have been 
prepared through the cortical region. The material has also been 
microtomed after softening it in a number of ways. 

The roots arise transversely from the vascular tissues of the transition 
region and then cdl of a sudden turn vertically downwards almost at 
right angles. The leaf traces also arise transversely at a slightly higher 
level but they turn obliquely upwards. A periderm is produced through 
the activity of a cambium situated along the outer maigin of the cortex. 
On the inner side of the cortex another cambium is present which produces 
some seoondi^ tissues. Both these cambia arise in the transition 
region between the stem and root. In the intracortical roots partial 
periderms are produced at the outer margins which are in contact with 
the outer periderm as observed by Professor Sahni. In the cortex of the 
main root some characteristic radially elongated cells of large suse are 
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premnt which are seen arreuiged £a vertical tiers. The course of the 
mtemal roots and the way in which they come out of the main cortex, 
as well as other details of the atnatomy, are described. 

22. Origin and nature of the so-oalled perioyole in the st^ns of 

lUootyledonous plants. 

B. C. Kukdtt, Calcutta. 

The term perioycle was first introduced by Van Tieghem (1882) 
in describing the sclerenchymatous ring and subjacent parenoh 3 una 
outside the vascular bundles of Cucurbita stems. Since th^ the term 
has been widely in use in describing mainly the sclerenchymatous fibres 
outside the vascular bundles in Dicotyledonous stems, but it has remained 
very vague so far its origin is concerned. The so-called *pericycles* in 
stems are usually composed of heterogenous tissues. In the roots, how- 
ever, it is a distinct tissue, usually composed of a single layer of paren- 
chymatous cells and differentiated very early. In many plants, as in 
most woody stems and in the majority of aquatic plants and in nearly 
all Monocots the pericycle seems to be lacking. 

Morot (1884) who has made an extensive study on the perioyole, says 
that the pericycle is of the same oripn as the pith and the rays. He 
has considered the solerench 3 nnatou 8 fibres of the perioycle as quite foreign 
to the nature of the phloem. That the perioyole of the stem has always 
got the same origin as the pith and rays has not been conclusively proved 
by Morot. 

The view points of Morot regarding the origin of the pericycle has 
been in subsequent years contested by other workers. Linger (1897) 
has proved from careful developmental studies that the pericycle of the 
stems is not a distinct tissue, but develop wholly or partly from the 
protophloem region. Baranetzky (1900) came to the conclusion that even 
in the Ouourbitaceae part of the sclerenchyi^tous rin^ originates from 
the procambium. Esau (1934, 1938) has furnished definite proof that the 
fibres of the so-called perioycle develop from the protophloem after the 
obliteration of the sieve tubes. 

The writer’s observations in the development of the pericyclic fibres 
in jute, hemp, Crotaleuia, Hibiscus and other plants also support those 
made by L4ger and Esau and have been describe in detail. 

Though in the early stages of development this tissue is typical 
protophloem, it later undergoes characteristic differentiation into 
sclerenchymatous fibres, etc., which are very distinct from the phloem 
within. Developmentally there is no justification for the use of the term 
in such oases, but the use of the term is convenient to distinguish the 
outer zone of stelar tissues which imdergoes such characteristic differentia- 
tion. In this sense the zone of sclerenchyma fibres which are distributed 
around the stele in a layer comparatively few cells in depth may be 
described as pericyclic in contradistinction to the fibres of fibrovascular 
bimdles in such plants as Helianthus. 

23. Studies in floral anatomy. V. Gynaeceum constitution in 

Passiflora sp. 

' V. PuBi, Meerut. 

A cursory examination of free-hemd sections of the Passion Flower 
gynaeceum gave me the improssion that specialization of the carpels, 
as has been described by the author in the Moringaoea.e, also occurs in 
Passion Flower. A study of serial microtome sections, however, revealed 
that this was not the case. The carpeki here are all of the open valve 
type fusing maxgin to margin ^d develq^ptag parietal placentae. Never- 
th^ess, tli^ study lends additional suppeH for my interpretation of the 
Maringa gynaeceum. 
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24. Development of embryo«sao and endosperm haustoria in 

Tetranema mexicana Benth. 

C. V. Krishna Iyengar, Mysore. 

The anatropoizs ovule consists of reduced mioellus and a single 
thick integument with its innermost layer forming the tapetum. The 
hypodermid arohesporial cell directly gives rise to the linear tetrad of 
megaspores of which the innermost develops into the normal eight- 
nucleate embryo-sac. The synergi^ are large and the egg will be in the 
neighbourhood of the polar nuclei which fuse when the embryo -sac is 
mature. The chalazal part of the sac is narrow and contains the three 
antipodal nuclei. A transversely placed wall which follows the first 
division of the primary endosperm nucleus separates the mioropylar from 
the chalazal chamber. Subsequent divisions in the mioropylar chamber 
result in four rows of cells of which the four cells towards the micro pyle 
develop into the large aggressive and uni-nucleate mioropylar haustoria 
with processes getting in and digesting the tissue-contents of epistase. 
The chalazal chamber develops into a nonaggressive haustorium with 
often one, two or occasionally three or four nuclei, the size of the nuclei 
being inversely proportional to their number. The endosperm tissue 
shows smaller cells towards the two ends, with probably a food con- 
ducting rdle. Embryo development is normal. The signifloant enlarge- 
ment of the tapetal cells during endosperm formation indicates their 
probable rdle in the digestion and absorption of the integument. 

25. The sliding, gliding, symplastio or the instrusive growth of 

the cambial cells ? 

G. P. Majxtmdar, Calcutta. 

The ceunbial cells characteristically divide by tangential walls. 
Their division by slightly oblique transverse walls are also known to 
occur at long intervAls, but they are seldom seen to divide by radial walls. 
How then does a cambial layer widen tangentially, with increased number 
of cells in cross section, during the secondary growth in thickness of a 
stem ? 

Various theories have been suggested for the solution of this problem. 
In this paper the author supports the theory of intrusive growth with 
lantern dides cuxd photomicrographs. 

26. Life-history of Euphorbia helioscopia Linn. 

(Miss) Vim ala Bhalla, Lahore. 

Miorosporogenesis : — 

The haploid number of chromosomes is definitely 21 as observed from 
the polar view at the anaphase. The hetero- and homo-t5^ic divisions 
are normal. The spore formation is by tetrahedral method. Occasionally 
only dyads are formed which get liberated from the mother cell-wall. 
It is not possible to state whether they function normally, although 
apparently they seem capable of doing so. Vegetative nucleus is cut off 
before the pollen is shed. Some microspores are observed to degenerate. 

Megasporogenesis : — 

The trioarpellary pistil contains one anatropus ovule in each loculus. 
The single hypodermal arohesporial cell cuts off an upper parietal cell 
and a lower megaspore mother cell. The latter gets buried deeply into 
the nuoellus, by the activity of the former. The development of the 
embryo-sac is as usual. 

The polar nuclei remain distinct in the ripe embryo -sac. The 
antipodals are usually not ephemeral. The endosperm develops by the 
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27. StariUty in Euphorbia Boyhana Boifls. 

(jUjss) Vimala Bbaila, Lahore. 

Altooiporogeiieisis has been studied and some interesting i^bnoimalities 
recorded. JbeggMxis during the meiotic division are frequent. In some 
OMee ohiwiosomes are observed scattered all along the spindle. 
Teftrahednd formation of the miorospores is the rule in the species. The 
microiqpore is binudeate, when ripe as in jB7. hslioacopia and apparently 
seems to be functional. Chromosomes count could not be accurately 
made as they frequently appe€u«d jumbled. Counts during diakinesis 
reveal them to be certainly more than 30. 

The arohesporial cell, is not h 3 q)odermal as in helioscopea but 
buried 2-3 layers deep m the nucellys. After this it degenerates. 
Consequently there is no formation of a female gametophyte and the 
female flowers dinvel up after some time. This is true both for the 
speoies artifloially propagated as well as those growing wild. There is 
tnus no seed formation and the species propagate by vegetative method. 


28. Note cm the ohromoeome number in double-flowered 
Polyanthea tuberosa Lmn. 

Nabayah Datta, Lahore. 

The haploid chromosome is 30 (25 small and 5 large). 

At leptotene stage beaded appearance of spireme is clear. Mynizesis 
sedans to be an artifact. Bivdents completely condense at diakinesis 
a nd the nudeolus still persists. All the divisions are of normal type. 
Arrangement of tetrads is T-ediaped and bilateral or even more or less 
linear. 


20. Ld&'history of Nothoacordim fragrang Kimth. and the 
Btraotuie of their ohiomoBOmeB. 

Nabatav Datta, Lahore. 

Miorosporogenesis : — 

1 to 4 nucleoli cue observed in the resting nucleus (Budding of nucleoli 
in the root tip cells has been noticed). During mitosis the course of 
ordinary spireme is observed to be discontinuous at early prophase. 
Diploid dimmosome number is 18. All other stages are normal. 

The miorosporogenesis has been studied. Haploid number of 
chromosomes is 9, the biggest of which is 20u long. At metaphase 
2 ohromonemata could ea^y be distinguished embec&ed in a matrix. 
Ghiomonemata are uniform in their dimeter. Tetrad arrangement is 
bilateral. Usual normal division occurs. 

Msgasporo^enesis: — 

Ovary is tnlootdar with numerous redining ovules. Upper ones are 
arthotrcmus, while the lowermost are oompylotropous, arranged on an 
aadle plaosiEKta. One or two hypodermal arohesporial cells present. 
Megaapore mother cell divides into 3 megaepores. Lowermost is functional. 
Further devdopment of embtyo-sao is as usual. True polyembryony is 
piresent. Snwyos are derived itom the cells of the nuoellus above the 
apea^of the emmyo-sao. 
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30. Cytology and development of female Gametophyte of 
Almmfsp. 

NanAYikjT Datta, Lahore. 

Hiorosporogenesis : — 

Somatic division is noimol. 

Haploid number of ohromosomes is 16. Hetero- and Homo-typio 
division is quite normal. Tetrads are bUateially arranged. 

Megasporogenesis : — 

Ovules 6, arthotropous, 2 in each loculus. Ovules iiave 2 integuments. 
Development of embryo -sac is of Adoxa-type. Synergids are beaked. 
The oospore moves towards the micropolar end. Antipodal cells seem 
to exert haustorial function on the nuoeUar cells below. 


Physiology and Ecology 

31. Suooinoxidaae in plants. 

M. Damodabak and T. B. Vbnkatbsan, Madras. 

The presence of succinic dehydrogenase in certain seedlings of 
the Leguminosae was recently demonstrated (M. Damodaran and 
R. Bamaswamy, Current Science, 1940, Vol. 9, No, 7, p. 319). The enzyme 
has now been further studied and it has been possible to demonstrate the 
existence of the complete succinoxidase system in plants. Manometric 
studies show that the oxygen uptake of the system is increased by the 
addition of cytochrome 0, inhibited to the extent of 70-80% by malonate 
and pyrophosphate and completely inhibited by cyanide. Experiments 
on the separation of the enzyme system into its several components are in 
progress. 

32. Urea formation in germinating seedlings^ 

M. Damodaran and T. B. Vbnkatbsan, Madras. 

In studying amino -acid changes in germinating seedlings it was 
found that in Dolicli/oa hiflorua and Phaaeolus mungo the amide nitrogen 
exceeded the dioarboxyho amino acids present so that the existence 
of amides other than asparagine euid glutamine was indicated. Further 
experiment showed that the additional amide was urea. To investigate 
the origin of this urea, determinations were made of the changes in 
arginine, urea, arginase and urease content of the two seedlings during 
germination. The experimental results bear out the conclusion that in 
Dolichoa biflorua urea is formed from arginine by the cation of arginase 
while in Pnctaeol/ua mungo it could not have arisen by this reaction. 

33. Effect of light intensity and temperature on the growth 

of Azolla jUicvloides. 

Qhias-xjd-Din Ahmad, Lyallpur. 

1. An experimental technique for the study of the induence of 
temperature and light intensity u^n thegrowth of Azolla sp. is described. 

2. The growth of Azolla sp, in the Hoagland solution was very good, 

to which no organic matter extract was added. « 

3. In lower intensities of light, root system showed very poor 
development, but as illumination was inoreasea, a great improvement in 
the development of roots was noticed. 

4. The light and temperature both acted as limiting factors simul* 
taneoualy, since an increase in either of these flactors favourably influenced 
the growth of Azolla sp* within a limited range. 
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5. laoreaae in the factor which was present in most nearly minimal 
amoimt resulted in the most favourable increase. 

6. curves obtained are almost regular and do not show a sharp 
bend as postulated by Blackman. 

7. The importance of the internal factors, time factor, the mter- 
relationshm of the factors and compensation point is emphasized. 

8. The practical possibility of the duplication of experimental 
data is shown. 

9. In oonclusioh the results reported in the paper fully substantiate 
the previous works of Harder, Lundegardh cuid Warburg. 

s 

34. The growth of AzoUa JUiculoides in mineral solution without 
addition of ‘auximone 

Ghias-ttd-Din Ahmad, Lyallpur. 

1. AzoUa JUiculoides was grown in the green -house in one litre 
solution of Hoagland solution with and without addition of yeast and peat 
extracts. 

2. The plants supplied with organic matter extract showed better 
growth and developed larger size. 

3. Next, the plants were grown under controlled conditions of light 
and temperature in the mineral solution, with and without aquatic 
extract of yeast, the later showed 8 to 10 per cent more growth in one 
week. 

4. AzoUa JUiculoides was successfully grown in Hoagland solution 
for four months continuously without any deterioration in the power of 
its multiplication. The health and growth of the plants remained good, 
provided light and temperature were not acting as limiting factors. 

6. The addition of extracts from yeast €uid peat improved the growth 
and size of the plants, but their addition to the mineral solution was not 
essential for growth. 

6. It is now known that yeast extract and some growth promoting 
hormones have smular constituents of indole acetic acid and certain 
amino acids, which are excellent growth promoters. 

7. It seems probable that AzoUa JUiculoides is capable of producing 
* auximone’ within itself under suitable conditions of growth. 

36. Viability test with paddy variety, Cherunel. 

N. K. B. Kubupp, Kayamgulam (Travanoore). 

The paper deals with the results of Germination Tests conducted 
in the laboratory with the seeds of Paddy variety Cherunel, with a view 
to determining the period during which the seeds of the said variety could 
be stored (in this particular case in glass Jam Jars with screw lids) without 
impairing their germination capacity. The tests were made at intervals 
of about 80 days and as a result, it is found that they keep up their normal 
tone and vitality even for 14 months after harvest. From the 16th 
month the vitality of the seeds becomes very much lowered till the 22nd 
month, when all the seeds get decayed instead of germinating. 

36. Effect of temperature and time on dry weight determination 
of mango pulp. 

S. M. SmoAB and K. M. Sek, Calcutta. 

A method of determining the dry weight of mango pulp was 
investigated. Temperatures h^her than 60^0. were found unsuitable 
for dry determination of mango pulp ; at these temperatures cons- 

tant weights were not obtained on account of the presence of an unknown 



SeeHon F/, Botany, 


165 


(iS) 


volatile oonetituent* Drying at 50^0. for 24 hours at atmospherio pressure 
was found to be suitable for dry weight determination of mango pulp. 

37. The oxidation-reduotion potential of *Usar’ land soils. 

Rama Naoina Sihoh, Benares. 

The oxidation-reduction potential of *Usar’ land soils of Northern 
India in relation to pH, amount and states of ions present and organic 
content has been studied. It has been found that the redox potential 
ranges from B7 240-432 m.V. and depends more upon the amoimt and 
states of ions present in the soil samples than upon any other factor. 
Most of these measurements have been carried out in the field. 


38. Boot systems of plants of eroded areas in Hoshiarpnr 

Siwaliks. 

P. Anand, Lahore. 

The paper deals with root systems of about 21 plants of a stretch 
of area in the Siwaliks which includes forest land between Chohal, Mangowal 
and Nari within a radius of about two miles on both sides of the Hoshiarpur 
Gagret Road. 

It is possible to arrange the rooting systems of plants in a rough 
series showing a progressive reduction of the typical main root system 
consisting of tap and laterals in favour of an adventitious system developed 
on an extensive net -work of root suckers and other adventitious structures 
arising from them. The following types clearly represent the successive 
stages of this series : — 

Acotoia Catechu, Prosopia apicigera, Dodonaea viacoaa, Zizyphua 
nummtiUma, Woodfordia fioribunda, FlacouHia Bamontchi, Ficfua cunea, 
Gariaaa spinarum, Stereoapermum auaveolena, Adhatoda vaaica, Vitex 
negundo and Dioapyrua montana. 

The region of maximum water content in the soil and the region of 
maximum absorption of the root system coincide with each other. 

The pH values of the soil vary from 6*8 to 8-6. The mechanical 
analysis shows that the highest percentage is of particles between the 
sizes of 0*6 to 0*002 mm. l^ere is a uniform distriWtion of these in the 
various samples except in Vitex negundo which shows an extraordinary 
high percentage of particles between 0*6 to 0*2 mm. Acacia Catechu that has 
a low percentage of these particles but a high percentage of particles 
between 0*2 to 0*002 mm and Dodonaea viacoaa with a very high percentage 
of very small particles 0*02 to 0*002 mm. 

Two types of root systems are most suited to the area under 
investigation : — 

(i) Deeply -seated systems of taps and laterals, supplemented by a 
supe^cial mat of fibrous adventitious roots, (ii) An extensive system of 
root suckers. It is suggested that the following plants may be effectively 
employed in antrerosion and reclamation work: — 

Dodonaea viacoaa, Zizyphua nummularia, Acada Catechu, Euphorbia 
roylecma, Acacia modeata and Woodfordia fioribunda out of the plants 
with a root system of tap and laterals; and Dioapyroa montana, CaHaaa 
apinarum, Adhatoda vaatca, Vitex negundo and Flacourtia Bamontchi 
from among those that propagate by means of root suckers. 

39. Suooession in xeroph 3 ^io grassiandSB of Baita. 

F. R. Bhabuoha arid R. N. Dav 6, Bombay. 

In this paper the authors have described the succession of vegetation 
taking place on the grasslands of Raita (Near Kalyan) and shown how 
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t];ke Buooeasion study helps rapid solutiou of the problem of improvement 
of grasslands and how it helps in the sdentiflo management of the grass- 
land by the use of synthetio fertilisers. Also the present study hel^ to 
evolve a system of rotational grazing within a short time of three years. 

40. The biologioal apeotra of Matheran and Mahabaleshwar. 

F. B. Bhabtigsli and (Miss) D. B. Fbbbbiea, Bombay. 

On the basis of Kaunkiaer's system of Life-forms, the flora of Matheran 
and Mahabaleshwar, the two hill stations of the Bombay Presidency were 
analyzed. These places were particularly chosen for the floristic and 
climatic data were fully available. Besides \they are limited in their 
boundaries and are similar in their tropical, moist, evergreen vegetation. 

The analysis of their flora reveals that both have a Phanerophytic 
jflant-dimate which accords well with their climatic features of neavy 
rain-fall, fairly high but almost constant temperature and little fluctuating 
rdative humidity. Thus the above study proves the statement of 
Kaunkiaer that * the characteristics of all tropical lands in which the 
precipitation is not too small, the centre of gravity in the biological 
spectrum is amongst the Phanerophytes *. 

41. The biologioal speotnim of Madras. 

F. B. Bhabuoha and (Miss) D. B. Fbebmba, Bombay. 

Madras was chosen as another place to test Raunkiaer’s theory 
because it lies on the east coast of India and as such comes under the 
influence of the north-east monsoon and as such has a totally different 
t 3 rpe of vegetation from that of Matheran and Mahabaleshwar. Besides 
recently its flora has been completed and as such its analysis would 
give very reliable test. 

From the biologioal spectrum of Madras it is found that its ch- 
mate may be said to Nano -phanerophytic with a high percentage of 
Chamaephytes. This is an interesting case for its spectrum resembles that 
of Aden whose climate exhibits conditions on the border regions between 
the trcfpioal emd the subtropical with dry climate. 

42. The biologioal speolirum of a grassland association. 

F. B. Bhabxtoha and B. N. Davii, Bombay. 

To test further the theory of Baunkiaer an attempt was made to 
And out if the biological spectrum of a grassland association could be 
explained by the chief climatic features of the region, namely, rainfall and 
temperature which he represented by a figure oaUed the hydrotherm. 

The analysis of the floristic composition of this particular grassland 
association, which is provisionally named the Themeda-Pseudenthistiria 
Association found on hilly and stony groimds in the Bombay and Salsette 
Islands, reveals it as an association which is predominantly therophy tie or 
annuaL This cannot be explained on its climatic features alone for the 
region has a heavy rainfall of more than 100' in. per year. As such the 
spiotrum can only be explained if we take into consideration another 
factor besides the above climatic ones, namely the biotic. The latter 
can explain the spectrum as a therophytic one. A similar case has been 
records by Allan in New Zealand. 

43. Study of the -weeds of the CSiilka Lake — ^I. 

P. Pabua and B. Pabua, Cuttack. 

WSpedA such as Potamogeton peotmattM float up in masses m the lake 
towi^jinla October. Blue green algae like Lin^ya grow among the floating 
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weeds and form a matted mass. Mosquito Icurvae thrive protected by the 
weed masses and cause malaria. The problem was why the weeds fioat 
up. It was necessary to make a systematic study of the weeds throughout 
the year. Potamogeton which is the predominant weed covers extensive 
areas in shallow water and gmwa with the rising level of the lake. 

The influence of the various ecological factors such as li^t, hydrogen 
ion concentration, salinity and turbidity of water and the biotic factor has 
been studied. 

From the data so far gathered it is clear that — 

(1) due to turbidity very little light penetrates to the weeds and 

in consequence tbe weeds l^ome etiolated and weak ; 

(2) increasing salinity controls the growth of the weeds ; 

and (3) young bivalves attach themselves to the weeds and eat into the 
cortical tissues and thus render the plants weak and liable 
to 1^ broken off by the waves ; the breedmg season of the 
bivalves is the early rains. 




SECTION OF ZOOLOGY 

President: — ^A. Sttbba Raxt, B.A., D.So., F.R.M.S. 


1. Observations on a new amoeba, DobeUina rayi n.sp. from 
Va/ranus immitor LinniieuB. 

P. L. Misba, Lucknow. 

A new amoeba belonging to the genus DobelUna has been recorded 
for the first time from India. Bishop and Tate (1939) instituted a new 
genus Dohellina found in the dipterous larvae of Trichocera haemalie 
Meig. (the common * winter gnat^) of Europe, and called this species 
D. memili. In this paper I l^ve given a detailed morphological account 
of DobeUina rayi n.sp. 

The trophozoites (7-21/i; averg. 9*92/i) move actively by means of a 
blunt pseudopodium consisting of clear ectoplasm. The cytoplasm is 
differentiated into ectoplasm and endoplasm, the latter being charged 
with refringent granules, but totally devoid of chromatoid inclusions. 
Food and contractile vacuoles are absent. Nutrition takes purely by 
osmosis. The nucleus (4*2-6*6/x in diameter; averg. 4-46/Lt) is spherical 
and usually eccentric in position; it is bounded by an achromatic nuclear 
membr€U3e and consists of a central, spherical, siderophilic karyosome 
(l*fi“2‘8pi; averg. 2*3^) surrounded by a colourless halo. Multinucleate 
forms have also been encountered, but are rare. Four to eight nucleated 
cycts (8-11/*) are common, but supemucleate cysts (18-21/*) containing 
16-32 nuclei liave edso been observed. The wall of the cyst is thin and 
delicate and is single. 

It is also interesting to note that this is the first record of DobeUina 
from a vertebrate host, and that Z>. rayi represents the second species 
of this new genus. The infection is 69%. Further observations on the 
cultivation of this amoeba and its effects upon the host in experimental 
conditions eu:e in progress. 


2. Observations on a new coccidium, Eimeria hvnudy(mwm 
n.sp., from the intestine of a Himalyan toad, Bufo sp. 

H. N* Ray and P. L. Misra, Mukteswar. 

This paper deals with the life-history of a coccidium, E, hirMUyarmm 
n.sp. All the stages including the maturation of the oocysts occur in 
the epithelial lining of the intestine of the host. Due to this intracellular 
habit of the parasite the oocyst wall is very poorly developed and appears 
as a thin hyaline membrane. There are two kinds of schizonts: (1) 
macroschizonts relectsing about 32 merozoites which develop into macro - 
gametes, and (2) microschizonts, producing about the same number of 
merozoites which become males €uid give rise to about miprogametes — a 
number which is quite unlike that of any Eimeriid hitherto described. 
The oocyst is spherical in shape and measures 7/* to 10/* in diameter. 
There is no oocystic residue. Sporocysts are spindle-shap^ and measure 
4*9^ in length cmd 2*8/* in breadth. Sporooystic residue is present. In 
stained preparations a siderophilous structure is seen at either pole, of a 
fully formed sporozoite. 

( 169 ) 
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3. On a mw ooooidium, Eimena minetU n.sp., from the lizard, 
Mabuia sp, 

H. N. Bay, K. Baohavaohabi, and S. N. Sapbb, Mnkteswar. 

In this paper a detailed description is given of the life>cyole of a new 
roeoies of Eimeria from the intestine of MabtUa sp. collected locally 
during the months of May to August. The parasite is confined to the 
small intestine and remains for the most part of its life attached to the 
epithelial lining of the gut wall. Ofioysts are oval in shape and measure 
18ft to 21f( in length and 12ft to 1^ in breadth. There is no oficystic 
residue. Sporoc3nstB are spherical in shape and measure 7ft to 9ft in 
diameter, fibrocystic residue is prominent. Approximately nine 
species of Etmeria have been described so far fri>m li^rds and of these 
tmee, viz., E. cbg<mae Laveran and Petit, 1010, E. sctnct Phisaliz, 1923, 
and E. flaviviridis Setna and Bana, 1936, are known to infect the liver, 
bile*duct and gall bladder, while the rest {E. ra/iUieti Leger, 1809, E. 
gehkonia Tanal^, 1928, E. baveroi and E. rochadimm Carini and Pinto, 
1926, E. hmddwstyli Knowles and Das Gupta, 1936, and E, hnowleei 
Bhatia, 1036) are stated to be parasitic on the gut wall. Of these again 
E. radJUeti is the only one of which certain endogenous stagM have been 
known to occur in the epithelial lining of the large intestine. The cocoidium 
dealt with in this article is the first of its kind to be described in detail. 


4. Observations on a new ooccidinm, Octoaporella mabuiae 
n.gen., n.sp., from the intestine of Mabuia sp. 

H. N. Bay and E. Baqhataqhabi, Mnkteswar. 

In this article the authors have described certain stages in the 
sporogony of a coccidium, the oScysts of which are characteristically 
octosporocystid and dizoic. Schizogony of this parasite was not seen but 
structures, which appeared to be macrogametes or zygotes, were often 
found to be situated in the submucosa of the intestme. Oocysts recovered 
from the f^ces measured 14ft to 16ft in diameter. There was no oficystic 
residue. The oScysts, after being kept in 2*6% solution of Pot. bichro- 
mate, matured after 48 hours and showed eight spindle-shaped 
sporocysts measuring 8*4ftX4*2fi. EcKsh sporooyst showed two sickle- 
shaped sporozoites etnd a central residual mass. As the method of male 
gamete formation is not known as yet it is not possible to assign this new 
coccidium to any particular family under sporozoa. 


5. Obserrations on a BeUemtidmm firom the intestine of 
Hylobates hoolock. 

A. N. Mctba and M. M. CHAKBAyjutTT, Calcutta. 

A dead specimen of HylobaUa hoolock was sent to our laboratory from 
the Zoological Gardens, Calcutta. A thorough examination of all the 
organs and tissues of the above specimen revealed that it harboured a 
species of Balantidium in its intestine. The infection was severe and this 
might have caused the death of tlst animal. 

The shape of the parasite is ovoidal, both the anterior emd posterior 
extremities l^ing rounded and Hie size varies from 47*3-70*04fi in length 
and 87*08<-59*84fi in breadth. The maoronucleus is elongately ovcd in 
shape while the micronucleus is more or less spherical with an elongated 
chromatin rod at its centre. The presence of a boring apparatus Bind t^ 
axial and pfripheral syetem of fibres around the mouth and peristome 
have also hwsa describe in detail. 
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6. The sotion of quinine sulphate on fresh-water Hydra. 

Himanoshit Lal Saseab, Gauhati (Assam). 

From the chemically pure quinine sulphate powder with the help of 
distilled water a stock solution of 1 in 600 was prepared. From this 
stock solution different grade of dilutated solutions were prepared for 
conducting the experiments. The culture of Hydra from the glass aquarium 
were introduced in batches to all the grade of solutions. The average 
death time of each batch as well as all the batches taken together in a 
particular grade of solution were recorded. 

Also the movements and behaviour of all the Hydra in the solutions 
are discussed in a generalized way. 

7. On a new trematode Diplozoon indicum n.sp. from the 

gills of a fresh- water fish from Lucknow. 

J. Dayal, Lucknow. 

Our knowledge of Diplozoon is based on two species oi^y, (1) D, 
paradoasum NordnSum, 1832, from Europe, and (2) D. nipponimtm Goto, 
1891, from Japan. No form has so far been recorded from India. The 
author has collected, for the first time in India, a large number of both 
immature euid mature forms from the gills of a local fresh-water fish. 
The form has been allocated to a new species D. indicum. It differs 
from the two known species mainly in the following characters : — 

1. In the smaller length of the posterior region of the body. 

2. In the absence of median chitinous hooks in the hinder region of 
the body. 

3. In the structure and extent of the intestine in the posterior region 
of the body. 

4. In the position and shape of the genital organs, chiefiy the testes. 

6. In the size of the eggs. 

A detailed account of the anatomy of the new form and the differences 
from the other two forms are given in the paper. 


8. On a new trematode Eucreadium eutropiichthyivs n.gen., 

n.sp. from the intestine of a fresh-water fish Etitro- 
piichthya vacha, 

J. Dayal, Lucknow. 

The new form Eucreadium eutropiichdiyius n.gen.,^ n.sp.^ belongs to 
the family AUocreadiidae, and the important characters in which it differs 
from the related forms are the position and structure of the cirrus sac, 
the position of the genital pore and the possession of a pointed protuberance 
at the anopercular end of the eggs. A detailed account of the anatomy of 
the new form and a discussion on the classification of the family 
AUocreadiidae is given in the paper. 

9. On a new trematode PUaiodistomum caUichnua n.gen., 

n.sp. from the urinary bladder of a fresh-water fish 
^ Callichrtms pabda, ^ 

J. Dayal, Lucknow. 

The new form Pleaiodisimmm caUiehriue n.gen*, n.sp. beloi^ to the 
family (jk>rgoderidae and tli^ subfamily Anaporrhutinae. It dirors firom 
the related forms chiefly in the configuration of the testes, in the stmeture 
of the vitelline glands, in the presence of a Laurer*s canal and in the 
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abeenoe of an oeaopbague* A detaited account of the anatomy of the form 
is given in the paper. 

10. On the ocoorrenoe of the bat fluke, Proathogmimua ovi- 

magnomm (Bhtflerao, 1926), in a dog. 

G. D. BHAiiBBAO, Tzatnagar. 

In this short paper a record is made of the occurrence of Prosihogonimtts 
ovUnagnosum from the small intestine of a dog in Calcutta. This parasite 
normally infects bats in India and other oriental coimtries and was first 
recorded by the writer in 1926 from the bat, Nyctmomus pUoatus, in 
Baboon. A short history of its occurrence in India and other countries 
is given. This is evidently a case of facultative parasitism. A few sinular 
instances of this kind of infection are quoted and observations are made 
on the anatomy of the fiukes from the dog. 

1 1 . On the occurrence of Prosthogonimus pviachkowskii Skr jabin, 

1913, in India. 

G. D. Bhalebao, Izatnagar, and P. W. Gideon, Dharwar. 

The species of Proathogonimus that have been so far recorded from 
India are P, cuneatua from Acridotherea triatia, P,Sp. from Ibia megalocephala 
emd P. indicua from a domestic fowl. Keferring to the recent critical 
analysis of the genus by Witenberg and Eckman (1939) it is found that the 
latter two species are referable to P. piUachkowakii Skrjabin, 1913. 
P. indictia Srivastava^ 1937, is therefore regarded as a synon5an of P. 
ptdachkowakii. Observations are recorded on the specimens of this species 
from Ibia megalocephala and Ardeola gram from Dharwar. 

12. A new species of the genus AvitelKna (Cestoda) from ovines 

in the Punjab. 

Mohammad Amin, Lahore. 

An account of a new species of AviteUma, parasitic m the small 
intestines of sheep — Ovia ariea — from southern districts of the Punjab, 
is given in this paper. Among the existing members of the genus 
AmieUina, A. centripunctata is the nearest ally of this species. The latter, 
however, differs fix>m the former in the number of testes, small size of 
the ovary, slightly alternating arrangement of the uteri, disposition of the 
paruterine organs and the form of the egg-pockets enclosed by them. This 
form also shows some resemblance to A. audanea and A, goitghi in the 
number of testes and form of the egg-pockets respectively. However, 
it differs from A. audanea in the development of the paruterine organ 
being inside the uterus, and from A, goughi in the number of testes. 


13. The nerrons system of the Gestode Tyhcephahim dieroma. 

M. K. SUBRAHANIAM, MtMlras. 

The nervous system of Tylocephalum dierama is very simple in plan. 
The brain is not constituted by a system of ganglia but is plate-like and 
differs from animal to anim^ depending on the stage of contraction of the 
head and myzorhynchus. From the brain bundles of fibres proceed and 
fi^t distributed at the emtenor edge of the myzorhynchus. There are 
large and small gemglionic cells in the brain. Thirty -two to forty -two 
nerves, all of the same thickness, run through the len^h of the proglottid 
chain. A meshwork of nerve fibrils connecting the nerve cords is present 
at the very anterior end of the proglottid ch^ but further behind, the 
meshes have differentiated themselves into ring commissures. The 
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commissure at the posterior end of each proglottid is plate-like. The 
nervous system of Ligi^ and Schistocephalua was supposed uptil now 
to be the most prinaitive as the insignificant development of the sucker 
grooves in these a nim a l s indicate a poor adaptation to parasitism. These 
animals have two main lateral stems and a far larger number of longi- 
tudinal nerves than any other Oestode. In Tylocephalum dierama all 
the nerves are of the same size and therefore it is thought that its nervous 
system is more primitive than that of the two above-mentioned animals. 
A& simplicity of arrangement of the nervous system does not indicate 
poor adaptation in TylocephcUuni — as evidenced by the presence of suckers 
— it is likely that further exhaustive studies may alter entirely the present 
conceptions regarding the phylogenetic relationships between the various 
orders of Oestoda. 


14. On Praegeria complexa n.sp. from the sandy beach, Madras. 
K. H. Alikunhi, Madras. 

Subsequent to my paper ‘ On a new species of Praegeria occurring in 
Madras* read before the 27th Session of the Indian Science Congress, 
held at Meulras, 1 have obtained a number of specimens of Praegeria which 
on careful study are found to belong to an undescribed species. The 
present species is much larger than the two other known species of the 
genus and measures about 10 to 25 mm. in length in the mature condition. 
The worms occur in coarse sand 2 to 3 inches below the surface between 
half and low tide levels. In external features, structure of the nephridium 
and its modifications and other internal characters the form shows rela- 
tionship to P. remota and P. gopalai; but important differences are seen 
in the reproductive organs. In the male 4 to 6 groups of testes and a 
corresponding number of paired sperm-sacs and copulatory organs are 
developed. Each testis has a median position and is covered over by 
an extremely thin membrane. Copulatory organs are very complicated. 
Sperms are large, typical in structure but hardly motile. In the female 
up to 20 distinct paired ovarian groups have been observed, situated in 
alternate segments, the intervening segments being occupied by paired 
receptacula seminis. A covering membrcme is present for the ovary 
also. Sperms in the receptekculum seminis differ in structure from those 
in the sperm -sacs of the male as they undergo modification after copulation. 
Reproductive organs both primary as well a& cwjcessory disintegrate €uid 
are lost after liberation of the mature sex elements. They are developed 
afresh when reproductive activities commence again. 


15. On the ooourrence of a fresh- water Oligoohaete Stylaria 
kempi Stephenson in Lucknow. 

S. M. Das, Lucknow. 

Stephenson, in his book ^Qligochaeta* (1930), mentions only two 
species of Stylaria from India: (1) S, lacustris and (2) 8, kempi, the latter 
being reported from one locality (Bhim Tal, Kumaon Hills, U.P.) only. 
The author has collected a number of specimens of S, kempi from a tank 
in Lucknow, These specimens, though larger in size than those described 
by Stephenson, are definitely 8, kempi on accoimt of the total absence of 
eyes. The chief differences from Stephenson’s specimens are its greater 
length, nodulus of ventral setae mesial or distal, ventral ^etal bundle 
of 7 to 10 setae, and the dorsal setal bundle with two very long hair setae. 

Despite the temptation to allocate a new species to the 8tyla/ria 
collected from Lucknow, the author considers the above-mentioned 
differences as belonging to two races or subspecies only. Observations 
on the peristaltic and anal movements of 8, kempi are recorded in the 
paper. 
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16. The nenrons sjBteiix of the earthworm Lompito mmritti 

(£inb). 

B. Vasitdisvan, Annamalainagar. 

The xiervous asmtem of Lompito m/cmrUti pxesents the following 
features: — 

(1) The ganglion formed by the union of the circumpharyngeal 
oonnectives lies in the anterior region of segment IV, below the oesophagus 
and may therefore be appropriately termed the sub-oesophageal ganglion. 

(2) The zierves supj^ying the Frostomium, segment I and segment 11 
arise from the oiroumpharyngeal connectives in segment 111; the nerves 
innervating segment Ul have their origin from the ventral nerve cord in 
segment IV. 

(3) SegDoent IV is innervated by only two pairs of segmental nerve 
trunks, which form two incomplete dorsal nerve rings. 

(4) Segment V, and the succeeding segments of the body, except 
the last are innervated by three pcdrs of segmental nerve truii^, which 
give rise to three big dorsal nerve rings. In addition, in each of the 
above-mentioned segments, there is £dso a single small ventral nerve ring, 
which is formed by nerves arising from the third pair of segmental 
nerve trunks. 

(6) The last segment is innervated, just like the other segments, by 
three pairs of segmental nerve trunks, but the posterolateral branches of 
the nerve cord give rise to two extra pairs of nerve trunks thereby forming 
hve incomplete nerve rings. The ventral nerve ring is absent in the 
last segment. Further work is in progress. 

17. The rdle of the gut and the uephridia in regulAtiDg the 

water-oonteut of the body-fluids in earthwonns. 

K. N. BAHii, Lucknow. 

It is now well known that in earthworms of the genera Pheretima, 
Lompito (Megaaoolex), WoodvxxrdieUa, and Tonoacolex, the main part of 
the nephridiai system discharges its fluid products into the gut. It has 
all along been tcuiitly assumed that the nephridia are purely excretory in 
function, and that excretoiy products are discharged into the gut. In 
this paper experiments are described to show that the primary function 
of the nephri^ is probably to regulate the volume and osmotic pressure 
of the body-fluids m the earthworm, and that they share this function 
with the alimentary canal. 

18. Leeches parasitic in the air-passages of mammals. 

M. L. BHiiTiA., Lucknow. 

Leeches parasitic in the air-passages of mammals belong to the genus 
lAmnatia and they have been record^ from Ceylon by Blanchard (1894), 
fix>m Palestine, Syria, and Persia by Masterman (1908), and from 
Afghanistan and Baluchistan by Annandale and Kaburaki in the years 
1920 and 1921 respectively. In all cases they were secured from the 
nasal-passag^ and Icuynx of man, horse, and cattle. 

No genuine Indian example of a JArmoHa, piurasitic in the air-passages 
of mammals, has so far been found, and it is mentioned that those lecoro^ 
must have been introduced by being carried in the air-passages of men 
and domestic animals. 

Recently the author has received three specimens: one from Calcutta, 
one from Burma, and one from Lahore, and all these belong to the genus 
Limnatie. Their ocourrence in these places is a new record of their 
distribution. ^ 

Investigations on their morphology are in progress. 
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19. Physiology of digestion in blood-suoking leeches. 

M. L. Bhatia, Lucknow. 

A leech ingests, at a single meal, several times its own weight of blood. 
After a meal, leeches seek oonoealment in the dark and remain quiet 
for several months. The blood is slowly digested and the digestion of a 
full meal may take nine to twelve months. 

It is well known that the scdivary glands of a leech secrete a substance 
cedled hvntdin which prevents coagulation of the blood sucked by the 
leech, and that this blood remains stored in the crop-reservoir. WJ^e 
it is true that the coagulation of blood is prevented by hdrudin, it has 
not so far been recorded, so far chs 1 am aware, that the blood within the 
crop is always in a haemolized condition, so that there is no chance of 
its coagulation at all. By a series of tests it has been found that the 
crop secretes an alkaline enzyme which has the property of haemolyzing 
blood. Certain patches of cells in the wall of the crop give a staming 
recMtion different from those of the rest of the crop, and it is believed 
that it is these patches that secrete the alkaline haemolyzing substance. 

20. On the bionomics and distribution of a leech HerpobdeUoidea 

UiUrocviata Kaburaki (1921). 

M. L. Bhatia, Lucknow. 

This small leech as described by Dr. Amiandale is remarkably 
plauariandike m appearance and m its movements. About a dozen 
specimens were collected &om cunongst water weeds in a small pond in 
Lucknow. A few living specimens kept under observation show that 
they are carnivorous even canniballistic in their habits. They swallow 
insect larvae, planarians and smaller leeches. The long pharynx lias three 
prominent ridges, each bearing anteriorly a pair of stylets or teeth in the 
form of spines. These stylets help in capturing the food prey. The 
occurrence of this form in Lucknow is a new record of its distribution. 

21. Pulsation of heart in Thatass&ma bombayenaia. 

D. S. Dbshpandb, Bombay. 

The heart is tubular and of simple type and surrounds the posterior 
end of the fore -gut division of the alimentary tube. It has a dorsal and 
ventral heart in a sense when each one takes the roll of pumping the 
blood to the direction determined by the peristalsis. There is a anastomosis 
between the two hearts which surrounds the crop posteriorly. The reversal 
of peristalsis is clearly seen as one observes the dissected specimen in 
normal saline or filtered sea water under the dissecting microscope. In 
ordinary conditions the normal peristalsis takes place alternately changing 
the direction of blood flow every few minutes. But this regularity may 
be broken at any moment by resorting to reversal of peristalsis. The 
following factors induce or change the direction of blood flow r-*— 

(1) Ratio between the anal anu oral respiratory currents. 

(2) Specific gravity of the ooelomio water. 

(3) Any contact with foreign body or cmy change m surrounding 

medium. 

(4) The voluntary and involuntary contractions in the complicated 

muscular zonations of muscular parietes. 

* 

Such peculiar type of blood circulation in Thalaaeema bambayenna 
reminds one of that exists in tunicates where Dr^ Hardman locates two 
centres one situated in Dorsal system and the other in the Ventral system 
which by interchanging the oontraotibility bring about the levmal 
of periitalsis. 
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22. Bzorokny veeioks of Thahuaema bombayeima. 

D. S. Dxshpakdb, Bombay. 

Situated at the posterior end of the body is found one pair of large 
anal vesicles* They are idso called the posterior Nephridia. They open 
laterally in the r^um with their separate oiliat^ apertures. These 
vesicles are held in position by fine muscular fibres which are attached at 
various points to the body wall but except these they seem to doat freely 
in the loops of the alimentary canal in the body cavity. They are almost 
the same length as the body of the animal. All along the l^dy wall of 
these anal vesicles there are ciliated funnels. Their distribution is quite 
irregular and represents Nephrostomes of typical^ Nephridia. As regards 
thehr function they are excretory and also they control the amount of 
water in coelomic nuid. 


23. Looomotion of Thaiaasema bombayemia. 

D. S. Dbshpande, Bombay. 

The locomotion in Thaleseema bombeyensie is somewhat similar like 
that of the earth-worm. It elongates the anterior part of the body and 
then forces forward the viscera emd the water-content in the coelomic 
space of the body by oontr€k3ting the posterior region and relaxing the 
anterior region. When most of the coelomic duid and viscera is forced 
forward to the anterior end the posterior end is drawn up. These 
movements are repeated as the animal moves forward. All these move- 
ments are possible provided there is the smooth substratum. Even in the 
burrows, i.e. in the residential quarters the mode of locomotion is the 
same but for the additional advantage of wedging the body by the 
anterior hooks to the side wall of the burrows. Its movement in the 
burrow is dashing and rapid and it can move backward nearly as fast 
as forward. 


24. Gopepoda from some mountain lakes in Kashmir. 

G. L. Aboba, Lahore. 

The present paper deeds with em ecological emd taxonomic study of 
the Gopepoda collected from seven high mountain lekkes in Kashmir, 
during the summer of 1940, when the author accompanied a party of 
Research workers from the Zoology Depeutment of the Punjab Umversity. 
The collection includes about nine species of Gopepoda belonging to the 
sub-orders Galanoida and Gyclopoida. 

26. On the embryology of Squilla. 

K. Bhaskaban Naib, Trivandrum. 

The paper deals with the early embryonic development of two common 
Stomatopods, SquiUa raphidea emd Squilla 'wood-maaoni, of the Madras 
coast. The growth of the egg inside the ovary has been traced. The 
earliest oocy^ shows a central nucleus containing a promonen nucleolus. 
As the egg ripens the germinal vesicle breaks down. This happens much 
earlier than is usual among most of the Grustaoea. When extruded the 
egps are found to be undergoing the first polar division. The maturation 
smndle is extremely small and is situat^ at the periphery of the egg. 
The mode of cleavage is the same as in the Peracarida and the Leptostraca 
and differs from that of the Dacapoda. The blastomeres rise to the 
surface individually and form a tmiform layer of cells all round. There is 
no superficial differentiation of the germ layers. Gastrulation takes 
place by idxmigration of cells from a blastoporal depression. The cells 
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that wander inwards are mesendodermal in nature. They give rise to 
yolk oells» which curange themselves along the periphery of the yolk 
mass below the germinal band; and mesoderm cells which form the 
xiaopliar somites. The preantennul^ mesoderm arises separately at 
the anterior end. The post-nauplicur ectoderm and me^erm are 
teloblastic in origin and the arra^ement of the teloblasts is similar to 
what is found in NebdUa. The midgut rudiment is formed by cells which 
slip in last from the blastopore. These cells are all endodermal. The 
rudiment ^ows by the addition of modified yolk cells. The liver is formed 
by the folding of the sides of the epithelial endodermal plate. The forma- 
tion and growth of the preantennifiary and trunk mesoderm are described. 
Segmental coelomio spaces are formed in the post-naupliar region of the 
body. No dorsal organ is developed. The latest sta^ obtained shows 
four pairs of appendages in the abdomen and a faint pigmentation in 
the optic rudiments. The paper discusses these results in the light of 
modern work on Crustacean embryology and doses with a consideration 
of their significance in tracing the affinities of the Stomatopoda. 

26. Nest balls of ooprinae with a description of three balls 
of Hdioeopria (Coleoptera). 

S. M. Das, Lucknow. 

It is well known that Ooprinae (Coleoptera) roll balls of dung and 
prepare to lay eggs in them after they have been carried into the burrows. 
These nests are found from 2 to 8 feet below the surface of the ground. 
In some species, each cell (nest) is enclosed in a thick layer of outer clay, 
which becomes so hard tl^t those first discovered were supposed to 1^ 
ancient stone cannon-balls. The size, shape and structure of these balls 
have been studied in several species, but not many Indian species have 
been worked out. 

The author collected, in Jemuary 1939, four such balls in Lucknow. 
One w€us opened and was found to contain a live grab of a Coprinae, while 
the other three were left to develop and were finally opened in November 
1939. All the three contained an adult HeUocopris each, two belongmg 
to the same species H, dominus and the third being H, gigae, A detailed 
description of the size, shape and structure of these nest balls, and the 
difiTerences between the balls of the two species is given in the paper. 


■27. Cytoplasmio inolusions in the oogenesis of cattle-tiok 
HycUomma aegyptium, 

Gk>PAL Singh Dbol, Lahore. 

Work on the oogenesis of this tick was imdertaken as, to the best of 
my Imowledge, the eggs of the ticks bad not been investigated by any 
modem worker. In the course of my investigation Dr. B». Dass published 
a paper on the eggs of dog-tick, Rhipicephaltia scmguineus (latreille) 
(Ze»t. ZeUf orach, 1939). 

Oertain important differences have been brou^t out in the oogeneses 
of these two ticks. In H, aegypHum there is no lubuminous yolk whereas 
in JR. sanguineus (latreille) there are prominent yolk discs of albuminous 
nature. 

Both the mitochondria and golgi bodiM are juxtanudear to begin 
with and they gradually spread out in the cj^plasm. 

In JR. sanguineus (Mreille) no fat has been described but in H. 
asgypOum there are fat bodies as revealed by Sudan IV (Kay and 
Whitehead), which stains even the weak fat. It may be noted that Dr. K. 
Dass was unable to use thi« technique on his material. 

12 
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28. A new water apiia- from DaI Iske, Ka shm i r . 

SiTXH Drill, lAhore. 

Tbia wpidet, Amphineole ap. aom, was oolleotod from Dal LaJ» in 
Sq;>tembflr, 1936. It bekmga to tbo fhmiljr Agelwdae which has a 
number of oUier weter apiders, such as Deiis, Cambridgea and Argyroneki 
ep. The spider is a gem diver, and swims under water by powerful 
backward rhythmic strokes of its legs. Now and then the spiew comes to 
the surface to renew its air supply. When it dives the entire surface of 
tile body gets covered by an air bubble which gives it a silvery bri^tness. 

29. A preliminaiy note on the development of AriophmUi 

bietridUa Brnk. 

T. S. BiiisUBSiiciNTiM, Annamalainagar. 

The eggs of Ariophemta bistrialis take ten days to hatch. 
The present note records the nnain events of development on each day. 
The mst rudiments of the nervous system appear on the third day, and 
the definitive form is attained on the sixth &y. The larval heart and 
larval kidney (which is 0-shaped) make their appearance on the third 
day. The differentiation of the mesoderm into the rudiments of the 
heart, pericardium, and kidney commences on the fifth day, and by the 
end of the sixth day the definitive heart begins to pulsate. The podocyst, 
a very oharaoteristio organ of the Stylommatophorous embryos, appears 
on the fifth day and attains its maximum growth on the seventh day. 
The special embryonic organs, the larval kidney, the head-vesicle, and the 
podocyst disappear about the time of hatching. 

30. On some asoidians from Madras. 

S. M. Das, Lucknow. 

The ascidian fauna of the Indian secus has not yet been systematically 
worked out. Herdman (1906) wrote a report on the asoidians from the 
gulf of Manaar and Ceylon, while Oka (1915) published a paper on asoidians 
in the collection of the Indian Museum; but the Epeoimens in the latter 
collection were from random samples, smd it does not give a true repre- 
sentation of the fauna of the Indi^ coasts. The present paper contains 
a report on a collection of monascidians from Mc^as. Six species are 
described, one of which is new to science. 

The new species described is Herdmania ermureneia Das (Proc. 
Ind» Acad. Sd., Vol. 11, No. 1). The other five species are: AaoidieUa 
aaperaa O.F.M., Styela areolata (-Heller, Mwrocoamua numetanarenaia 
Herdman, Pclycarpa annemddei Oka, and Herdmania paUida Lahille. 
There is no record of AaoidieUa either in Herdman’s report (1906| or 
in Oka’s (1915) description of Indian asoidians. This is, therefore, the 
first record of AaoidieUa from India. 


31. On a ooUeotion of fishes from the Dal Lake, Kashmir. 

N.A 2 IB Ahmad, Lahore. 

The present paper deals with eleven epecies distributed amongst five 
genera and two families. The family Gobitidae is represented by Botia birdi, 
Nema/ohilua viUedua, Nemaehilua kaahmirenaia and NemachUua marmoraiua 
and the family C^rinidae by Labeo dero, OroaaochUua puniabenaia, 
Sohkothorax eaodnua, Schizothoraas niger^ Sohizothorax piUmiJoma^ SdUzo^ 
ihorax labiaiua and Schizothorax hugeUi, Sexual dimorphism is bdng 
reaprded for the first time in Sohizothoracinae. 

' tlB 
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32. On the smAUest ( 1) Elasmobranch egg. 

N. y. Choodamaki, Madras. 

Sooliodon sorrahowah Garman, is a viviparous Elasmobranch common 
in the Madras coast. An ezoellent account of the placenta in this form 
has already been given by Miss G. Mahadevan. The yolk-sac, even when 
the embryo is 20 mm. long, gets into relation with the cup-like trophone- 
mata, and establishes a connection with it. But the very early stages 
before attachment were not available to her and could not be worked out. 
The present paper gives a preliminary account of the early developmental 
stages. 

The mature eggs of this form measure only one millimetre in diameter, 
a remarlmble feature among Elasmobranchs which have large eggs with 
much yolk. A few batches of intra-uterine eggs were obtained. Each 
egg is enclosed in a transparent pear-shaped bag, the narrower end of 
which is slightly drawn out and twisted. 

It was expected that there would be some peculiarity in the early 
development of this form due to the small size of the egg and the reduc^ 
quantity of yolk, and this surmise has turned to be correct. In the earliest 
stage examined the blastoderm cells have grown over one-third of the egg. 
In the next stage the blastoderm is found to have grown over the yolk 
leaving a oircuhur area through which a mass of yolk, the yolk-plug, 
projects. Now the edges of this blastoporal run cure observed to have 
turned inwards enclosing the greater portion of the yolk, a process which 
reminds one of what takes pl^ in Polypterus, in the Dipnoi and in the 
Frog. In another stage examined the ingrowth has continued until the 
incurving edges have met and almost completely enclose the internal 
yolk. Due to want of material further details of this interesting process 
of gastrulation cannot yet be given. 

There is a quick differentiation of the embryo, the yolk-cord and the 
yolk-sac. A ^ort cujcount of the embryos in very early stages of develop- 
ment is cdso given. 

\ 

33. The spermatogenesis of ChiloaeyUium griseum (Miiller and 

Heme). 

(Miss) C. K. Bathnavatbt, Madras. 

The young testis consists of a compact group of cells in which may 
be distinguished spherically and polymorphically nucleated cells both of 
which may directly or indireotly give rise to spermatogonia. This group 
of cells is envelop^ by the germinal epithelium which gives origin to the 
two t 3 mes of cells mentioned above. 

Within the nucleus of the primary spermatogonium is present a 
large plcusonosome. The centrosome is situated close to the nuclear wall 
wime the mitoohondria in the form of granules and rods, and golgi in 
the form of rings and crescents lie in close association with the centrosome. 
At this stage the formation of cysts is observed within the testis. During 
the spermatogonial telophase the golgi and mitoohondria are distributed 
almost equally to the two daughter cells. The secondly spermatogonia 
are thus constituted which as a result of division mve rise to the primary 
spermatocytes. The mitotic changes pass throu^ tl^ primi^ sperma- 
tocyte and as the cell reaches the metaphase stage it exhibits thirteen 
chromosomes on its £q>indle whi(di is the r^uced number of chromosomes* 
With the completion of the telophase stage the goW and mitochondrial 
elements are approximately distributed to the daughte cells. T^ 
TOcondary spermatoc 3 rte stage is quickly passed though and the spermatid 
U constituted, ^th t^ traxurformation of which a very peculiar and 
interesting p^nomenon associated with the abrupt fcumation of the 
axial filament is encountered. The golgi bodies fuse to form an aoroldlKAi 
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which Beoretes the aoroaome, the mitoohondria form an enveloping eheath 
to t^ aadal filament while the nucleus constitutes the head. The maturiz^ 
sperms which are very much ^ngated and arranged within the cysts in 
bundles get attached to sertoli cells by their head ends and when they 
are folly mature lose this connection and finally get expelled from the 
cysts. 


34. Some observations on the development of Ariuajdla, 

K. nTTmAMUAUAM , Madras. 

It is well known that Ariua jeUa lays hu£^e eggs with an immense 
quantity of yolk. For the first time the development of this form is 
l^ing worked out. The male carries the eggs deep in its phar 3 mx and 
thus exhibits the interesting phenomenon of orcJ gestation. The breeding 
of the fish extends from about the first week of August to middle of 
January. About 30 to 40 eggs are laid each time. The incubation period 
is long and lasts for nearly two months, the embryos remaining inside 
the mouth of the male till the yolk is completely absorbed. Various 
stages of developing embryos have been collected and observed. It has 
been found that in the firrt 20 days of development growth is gradual. 
During the next 10 days it is much more rapid and the young hatches 
out alMut the 30th day after commencement of incubation. The embryos 
which are very active continue to live for a month more inside the oral 
chamber before they come outside to start independent existence. Details 
in regard to the various stages of development are given in the paper. 

35. On two kinds of fish eggs hatched, out in the laboratory 

of West TTill Biological Station, Department of Fisheries, 
Calioat. 

D. W. Dxvakbsbn and K. Chxdambakah, Madras. 

Two types of fish eggs, viz., those of Anochntoatoma chacunda and 
those of Caranx crumenopthalmue, found in the plankton collected opposite 
the Marine Biological Station, Calicut, m January, 1940, were hatchM out 
on several occasions in the laboratory and their development observed. 

The eggs of Anodontostoma chacunda are yellow with a number of 
colourless oibglobules distributed in the yolk. The diameter of the 
entire egg is about 0*82 mm. Just before hatching, the oil-globules about 
twenty in number collect together at the region corresponding to the middle 
of the future larva and the posterior portion of its yolk sac. The larvae 
generally hatch out at about 1 p.m. Their average len^h is 2*66 mm. 
A reduction in the length of the trunk is noticed during the growth of the 
larvae. 

The eggs of Oaranz orimenopthalmua are characterized by vacuolated 
yolk and the presence of a single oil-globule with brownish red pigment 
srots. The diameter of the egg is about 0*78 mm. and that of the oil- 
^obule 0*24 mm. The larvae hatch out by about 1*30 p.h. Their length 
is about 1*35 mm. The oil-globule occupies the anterior portion of the 
yolk sac. An increase in the length of the trunk is notice during the 
growth of the larvae. 

36. On the morphology and histology of the gas-bladder in 

BoleophthaJmvs hoddarU (Pallas). 

M. BAHOioijiAH, Hyderahad-Deccan. 

The author has briefiy described the external features and histology 
of the gas-bladder m this fish. It is a small ovoid or ellipsoidal structure, 
and of a pti^rsodistous type, lying freely in the abdominu cavity, on the 
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dorsal side, above the viscera* and is supported by the mesentery. It 
possesses a star-shaped gas-gland with 6 retia xnirabilia. 

The histology of the gas-gland has been thoroughly dealt with. 

37. On the disposition of the so-called pyloric caeca in a 

BrotnM fish, Sirembo imberbie (Tern. & Sch.). 

M. Babxseitllah, Hyderabad-Deccan. 

In this paper the author has described the disposition of the so-ccdled 
pyloric caeca in a Brotulid dsh* Siremho imberbis, obtained from Ennur* 
whiidi number 15 in all. They are bilaterally arranged in linear rows — 
9 caeca on the leffc side* and 6 on the right side. 

Other references and details have ^so been given. 

38. On the development of mesonephros in a Teleostean fish, 

Thynnickthya aandkhol (Sykes). 

M. A. Moghb, Nagpur. 

The development of mesonephros in Teleosts has been described by 
various investi^tors. Rosenberg (1867)* Goette (18.75)* FCrbrioger 
(1878)* and Hoffmann (1886) ventured the suggestions that mesonephno 
tubules are formed firom solid condensations m cells or from cell masses 
l3ring in close proximity to the Wolffian ducts. The origin of the cells 
forming these condensations or masses has been variously described: 
(a) from the ventral wall of the aorta or/and the parietcJ cells of the 
wall of the cardinal vein (Rosenberg* 1867); from cells of the parietal 
epithelium (Qoette* 1875 FCrbringer* 1878); (c) from solid peritonial 
invaginations (Hoffinann* 1886); (d) fiom by proliferation from the 
cells of the Wolffian duct (Nussbaum* 1878 and Felix, 1897). 

The accounts given in textbooks (Kerr* 1919, Brachet* 1935) are 
based exclusively on the work of Felix. He derives the mesonephric 
tubules, in the first instance, from solid aggregates of cells formed by 
proliferation from the wall of the archineplmo duct. According to him, 
these tubules are replaced by the tubules of permanent mesonephros formed 
from cells of unknown origin. If this accoimt of the formation of 
mesonephric tubules is true, it is evident that Teleostean fishes is the only 
group among vertebrates in which such am origin of the mesonephros 
takes place. Further, it should be possible to trace the cells forming 
the permcment mesonephros to some embryonic source. Recently 
MaschkowzefiT (1934) hets traced the origin of nephrogenetic mesenchynae 
to the *intermediate cell mass*. His work is very incomplete and it is 
not dealt whether he accepts Felix’s view of the existence of a temporary 
and a permanent mesonephros. 

A detailed account of the development of mesonephros is given in 
this paper and the conclusion is drawn that the tubmes develop from 
condensations of cells arising from the intermediate cell mass. The 
teleostei fall* therefore, in general line with all the other ancunniota. 

39. Proteid yolk formation in fishes. 

Ram Sabak Das, Allahabad. 

Parat (1927), Hibbard and Parat (1927), Nath and Nangia (1931) 
have shown that proteid yolk in the fishes investigated, develops by 
the gradual condensation of the contents of neutral red vacuoles. On 
the other hand* according to Narain (1930) the albuminous yolk bodies 
are formed by the direct transformation of mitochondria. In order to shed 
further light on this problem the ovaries of a number of locally available 
fishes have been examined with the help of the modem cytological tech- 
niques. It has been foimd that the account of the devekqtniflnt of proteid 
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yolk M giym by JPtoit and is substantiaUy oorreot. PiPoMd yMt 
bodi00 do develop in vacuoles that taJi» in stain with neu^ ^ Never* 
tbeleee, it has been asoertained during the couiise of his piece of work 
that only a limited portion of the total proteid volk contents of the mature 
egg is produced in this way. process definitely comes to an end at 
a^fiddy early stage of egg growth after which the proteid yolk bodies are 
fonned by the swsUing and gradual transformation of mito^ondria. The 
latter process provides the greater bulk of albuminous yolk of the mature 
egg. 


40. Some further observatioxis on the respiratory movements of 

an air-breathing loach, Lepidocephaitia gutUea (Hamilton 
Buchanan). 

B. K. Das, Hyderabad-Deccan. 

In this paper the author proposes to discuss particularly on the 
following points: 

(a) Behaviour and respiratory activities of the fish in moist 
conditions. 

(h) Effects of natural dirty water on the respiration of the fish. 

(c) Effects of clear water obtained from its natural habitat on the 
respiration of the fish. 

41. A preliminary note on the morphology and histology of the 

alimentary tract of an air-breathing fish, Anabaa 
teatudineua (Bl). 

Sybd Mohd. Mohsin, Hyderabad-Deccan. 

{A) General account. 

The stomach is sac-like and is cozmected with the pharynx by means 
of a small tubular oesophagus. Intestine is slightly coiled and looped. 
Three so-called pyloric caeca of about equal size are present. 

(B) Histology of the alimentary tract. 

The histology of the alimentary tract presents the following salient 
features: — 

(i) Oesophagus shows a transition in the nature of its epithelium 

from the anterior to its posterior region, where it gradually 
resembles that of the cardiac end of the stomach. 

(ii) Stomach shows very prosninent folds of the galndular epithelium 

in the cardiac region, and the glands are very striking. 

(iii) Pylorus presents a kind of ^hmcter muscle formed by the 

great development and thickening of the circular layer of 
muscle fibres, more or less in the form of a valve. 

(iv) Intesl^ne hits the typical structure— goblet cells being very 

numerous. 

(v) In the rectum there is a kind of valve, situated at the jimction 

of the small intestine and the rectum. 

(vi) Histology of the so-called pyloric caeca is also being dealt 

with. 

42. The interstitial oella in the testis of IcMhyophis gluiinosua 

(Linn.). 

B. B. Sbshaghab, Bangalore. 

The interstitial tissue of the testis of Ichthyophis glutmosuB varies in 
quantity shd distribution in the active and resting conditions of the 
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testis. In the foixner oonditK>n» it ooouis as scattered groups of cells 
in the interstices of the loonle ^^dle in the latter, it is seen in t& form of 
large number of nests of cells between the locales. The development 
of the interstitial tissue is found to inversely proportional to the develop- 
ment of the sexual cells of the testis. Pat is a chmacteristic C3rtoplasmio 
content of the interstitial cells and is believed to have arisen by the 
activity of the golgi bodies. The significance of the interstitial tissue in 
IMhyophia is unk^wn. 


43. Oesophageal arteries in frogs and toads. 

J. L. Bhadxtbi, Calcutta. 

The origin of oesophageal arteries fh>m the systemic arches of foogs 
and toads ehows a good deal of variation. was first hinted at by 

the author in a previous paper and recorded by Hoffinann in different 
species of firogs and toads. The author has reinvestigated this question. 

Grogs (Bona) the oesophageal artery originates either independently 
or sometimes from the ba^ peat of the oooipito -vertebral artery (Gaupp, 
Grawshay, Bhaduri, Hofl&nann) and in tofi^ (Bufo) there is a single 
left-hand^ origin of the oesophagecd artery quite in a different level 
(Bhaduri, HofiGmann and Al-Huscmi). But there is a branch (^pharyngeal 
factor*) the oooipito -vertebral artery which supplies the pharynx in 

Bufo, This *phar3ngeal factor* has l^n observ^ by Hoffine^ in 
di&rent species of frogs and toetds {Bufo, Phyxicephalua, Heleophryne 
and Ohiromantia), Al-Husani also substantiates the author’s observation 
in Egyptian toads {Bufo), The author, however, finds diffioulty in homo- 
logizing the single (left-handed or right-handed) oesophageal artery, as 
is found in Bufo, Rana and Hdeophryne, with the oesophageal arteries of 
frogs as recorded by previous authors (Gaupp and others). In the light 
of recent studies and having due regard to comparative anatomy, the 
author is of the opinion that the ’pharyngeal foctor* of the occipito* 
vertebral artery recorded in Bufo, Heleophryne, Phyxicephahua and others 
can easily be homologized with the oesophagecd arteries of frogs (ffono) 
and be called the primary or true oesophageal curtery even though it does 
not supply the oesophagus. In view of this, the single (left-handed or 
right-handed) origin of the oesophageal artery should be viewed as a 
secondary acquirement and called secondary oesophageal artery. 


44. Some aspects of the head of Xempus laevis, 

L. S. Ramaswami, Mysore. 

The cranial morphology of the adult head of Xeiwpua was describcKl 
by de Villiers and recently Paterson has given a complete account of the 
choiidiocranixim prior to metamorphosis and of the adult head. Unfor- 
tunately author h as not studied the metamorphosis and throu^^ the 
courtesy of Paterson, I acquired some metamo^hosing stages. 

In the auditory region of the metamorphosing tadpole, a cartilaginous 
attachment of the pars mftdia pleotri with the otic capsule anterior to the 
foramen ovcile is noted. This separate foramina for the optic and oculo- 
motor nerves from the ewly stages as described by Paterson is oonfinned; 
but the remark of Pearson that the pila pietoptioa occurs* only in tlw 
last stage of JHenopua is questioned. A palatine branch of arteria^ carotis 
interna is describe The nomenclature of the cartilage spanning the 
pars articular region of the quadrate and the anterolateral tip of the 
ethmoid plate as ’quadiatoethmoidal* cartilage is criticised; toe name 
*pa»B artioulo-tvabeoular* commissure is suggested since the term quadra- 
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toei^iinoidid cartilage is preoooi^idd. The formation of the adult 
suboeular bar is described. 


45. On the structure of Ihe conus and the mode of distribution 

of blood along the various arches of the Anura. 

B. TsmuMAnAOHAB, Tumkur, 

A certain amount of difference of opinion has been noticed regarding 
the structure of the conus and the mode of distribution of blood along 
the varioxua aortic arches in the Anura. This led us to undertake a firesh 
study of the subject. 

A representative collection of all the families of Anura has been 
taken up for study. Wax models were made to aid us in making out in 
detail the structures inside the conus. 

In almost all the specimens, excepting such primitive forms like 
Pfpa, Alytes, Xenopus, etc., the spiral valve is a very well-developed 
structure capable of separating the conus into two distinct chambers — 
the Oav. Aorticum and the Cav. Pulmocutaneum. In these primitive 
forms there is at the cranial end of the conus a common ventnd Syste- 
micooarotidium. This is due to the septum medianiim not runnmg up to 
the anterior end of the spiral valve. In all the other forms the ventral 
division of the truncus is separated into right and left portions by the 
septum medianum establish]^ close contact with the cmterior end of 
the spiral valve. 

In the arrangement of the different arches, which spring from the 
conus arteriosus, there is a transition from the conditions as seen in 
Uiodeles to conditions as seen in reptiles. In primitive forms the two 
carotids arise from the systemic arches of the corresponding sides, rather 
far apart. A tendency is noticed for these to approximate towards each 
other, near to the point of forking of the systemics. In some others 
the left carotid shifts its place of origin from the left systemic arch to 
the right ssrstemic, as in rutiles. 

Regarding the mode of distributicm of blood along the various arches, 
there is no di^renoe of opinion regarding the pulmonary blood, it enters 
the pulmonary arch. It is only regard!^ the course of the rest of the 
blood stream that there has been some confusion. In primitive forms 
like Ftpa and Alytes there is a free admixture of bloods in the ventral 
chamber of the truncus. In all the others the mixed blood passes only 
into the left systemic arch while part of it along with the entire part of 
the pure blood enters the right systemicocarotidium. The carotid glands 
may be of some use in directing only the last few drops of richly oxygenated 
blo^ into the carotid arches. ^ 

46. A note on a peculiar association of the corpora adiposa in 

a common Indian bull frog, Bam tigrina (Daud.). 

Mohd. a. B. Khak, Hyderabad-Beccan. 

In Amphibia corpora adiposa or fat-bodies are normally associated 
with the gonads and the kidneys and are derived from the anterior portions 
of the gemtal ridges, but, curiously enough, in an adult f frog under 
investigation, these bodies, in addition to their normal |>osition, were 
found to be attached with the left lung also — ^this lung bemg very large 
as compared with its right counterpc^ and its dorsal wall was fua^ 
with the dorsal abdominal muscles. 

All details of measurements have been given, and the histology of 
the corpora adiposa associated with the left lung has been fully discussed 
and compaled with the normal structures. 
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47. Coijnu Intenm in the sea snake Hydrophie cyanocinetus, 

Dandin. 

(Mess) M. 8AUom< and B. Gofala Aitab, Madras. 

Hydrophi0 cyanocinctue a common sea snake of the Madras ooasfc ia 
viviparous and we find firom Mr. L. B. KcuBturirangan's investigation 
in this laboratory that it has a highly specialized allantoplacenta. Nine 
gravid females were obtained durmg March-April, 1940 and the ovaries 
were removed and several ruptured foUicles in different stages of develop- 
ment of the corpus luteum were studied. 

As in mammals three layers are conoemed in the formation of the 
corpus luteum: — (1) foUi^ar epithelium* (2) theca interna* (3) theca 
externa. The histological chan^ taking place inside the ruptured 
follicle after the escape of the egg tiU it has become a glandular organ 
have been described. Six stages in the develo|mient of the corpus luteum 
are studied &om the earliest to the latest when degeneration of luteal 
cells commence. It is found that the luteal tissue is formed by the 
hypertrophy of the folUcular epithelium and there is an invasion of con- 
nective tissue and cells of theca interna carrying blood capillarieB into the 
luteal tissue. Mitotic division of the luteal cells has not l)^n observed. 

48. A prelimiiiary aoootmt of plaoentation in Enhydrina 

schistosa (Daadin). 

L. R. Kastubibangan cmd R. Gopaxa. Aiyab* Madras. 

The discovery of an allantoic placenta in a reptile in 1891 forms a 
landmark in the history of Vertebrate Embryology. Since Giacomini’s 
day little work has been done on Reptilian Plaoentation. It was thought 
that the viviparous sea-snakes might possess a placenta; so a study of 
the Indian forms was commenced. 

In Enhydrina achiatosa, it is found that (1) the shell -membrane 
disappears almost completely, (2) the chorion and the uterine epithelium 
are intimately united, (3) there is an allantoic placenta. Hence this 
species should be recognized as truly viviparous. 

The placenta is formed by the modification of the uterine epithelium 
on the one hand and the allantochorion on the other. It includes two 
distinct regions. One region is characterized by the ve^ superficial 
position of the maternal capillaries cmd the allcmtoic capillaries. The 
proximity of the two blood streams, doubtless, serves for respiratory 
exchange. In the other region the uterine epithelium is glanduleu* while 
the chorion is enormously thickened and its deeper portion is highly 
vcbcuolated assuming a sponge -like consistency. The function of this 
region seems to be the facilitation of the transfer of fluid material, probably 
of a nutritive nature, from the maternal to the foetal tissues. The placental 
condition in Enhydrina is compared with the conditions described in other 
reptiles and the differences are pointed out. 


49. Olfaction in snakes . 

D. S. Dbshpandb, Bombay. 

Snakes breathe by rib movements. The food is swallowed whole and 
therefore the necessity for keeping the mouth open for a long time is not 
essential. Hence there is never a longer period during which the acuity 
of olfactory sense is interpurated. Now if the mouth is to rens4in open and 
at the same time the power of olfcM^tion is to be maintained, there should 
be further modification of the necessary apparatus. In the snakes the 
larynx is mobile and ccm be moved by muscles arising from the lower 
jaw, the hyoid, and the musoles^of the pharyngeal floor, and also by the 
movement of these muscles it can be brought into firm apposition with 
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the binder end of the namd tube.* The mouth is opened now and then 
to allow the ptotrmion of the tongue and there is no respiratory reason 
as to the enhance of the air through it. Only for a while the olfaction 
would be interfered with and to i«medy this the mechanism of apposition is 
evolved. When the large rat is swallowed there is protrusion of tSie lariniXt 
while the bolus slowly passes through the mouth so as to prevent suffoca- 
tion. During this time the olfactory sense is of necessity in abeyance for 
tbs reason having once secured the food, however, it does not need to 
smdl for more. 


60. Feeding habits of cobras and pytho 4 s. 

D. S. Deshpakdb, Bombay. 

Like other reptiles these creatures often swallow objects of enormous 
sise as compared with their own bulk. The process is very dow one and 
lasts from an hour to six hours and at times something lilm twelve hours 
in the case of pythons swdlowing a rabit or a hen. It starts with IdUinsr 
of the prey by encircling of it by several coils of the body and squashing 
of it into the shape of a sausage. The bolus is then lubricate with 
salvia and is taken into the mouth. The teeth of the snake are set back 
and hold the animal and the gut then creep over it. As the feeding 
process may take a long time, the passage of air to the larynx might be 
obstructed. To overcome these difEoulties the larynx is of remarkably 
mobile type and has protractor and retractor muscles of its own. By 
the former it can be protruded right up to the level of the front teeth 
and is then enable to open and allow inlet of air. There is no rule as to 
Starting of feed by head or tail of the prey as has been observed in the > 
laboratory by myself. At times the larger and at times the smaller 
prey was given to the cobras and pythons which were collected locally. 
On all occasions both the varieties started taking their meals at the 
point which comes to the region of mouth first. Some started their feast 
at the head end of the prey, others at the tail end and some even at the 
mid-region of the prey. 

61. Bicport on the occurrence of ^Phoorsa’ (the saw-scaled 

viper — Bchis carinata, Schn.) in the Hyderabad State. 
Sybd Mehdi Am, Hyderabad-Deocan. 

While examining a collection of the Ophidian fauna of the Hyderabad 
State the author disrovered three specimens of *PhoorBa* (the Saw-scaled 
viper — Eohis oarinata, Schn.). This viper is of rare occurrence as compared 
with the Bussell’s viper or the *]>aboia’ (Vtpera russeUi, Shaw) wmch is 
so commonly distributed all over the State. 

The author has given all details of its measurements and has fully 
discussed the distribi:&on of this viper. He has also compared it with a 
very interesting mimic, viz., the *Geunma* snake [Dipsadomorphus (Syn. 
Dipsos) Sclm. — an Opisthoglyphous colubrid] which is fairly 

common in the Sti^. 


62. Qioss changes in the testes of Passer d(ymesiticus, 

A. B. Misba, Benares. 

^the sexual cycle of Passer domestieue may be classified imder two 
heads, the one progressive and the other regressive phase. The bird has 
two lexual cydes during the year. The cliznax of the progressive phase is 
reaolMS i[>|u)e in April, and, a^in, in September. In the April cycle, the 
volume |#ainad by the testes is greater than diat in the SeptemMr cycle. 
The regressive phM extends from October to the first week of January, 
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Mud HhB pfogreMshro phttno &oxn May to July* Tho Tnlnimnm of 
testea in July ia greater than that in January. 

During the regreaaive oyde, the tunica dbuginea beoomea excessively 
nucleated and a large number of cells from this zone migrate into the 
intertubular spaces so that the seminiferous tubules are surrounded, on 
ail sides, by them. Some of these interstitial cells enter the seminiferous 
tubules throu|^ the tunica propia and thus come to lie inside the tubules. 
By a process of C3rtomorpho8is, these cells become metamorphosed into 
germ cells. The tubules are then activated into spermatogenesis leading 
to the production of spermatozoa required for the breeding season. As 
the breeding season advances, the seminiferous tubules are emptied of 
their contents and a cavity appears in most of the tubtdes. This is also 
accompanied by a process of desquammation of cells within the tubules 
BO that effete cells are got rid of. The seminiferous tubtdes then contract 
in diameter and the second cycle sets in. Figment is absent in the testes 
of Passer domesHous. 

53. The reproductive cycle of the Indian Mynah, AcridotJieris 

tristis. 

S. N. Mehbotba, Benares. 

The annual sexual cycle in M3niah, Acridotheris tristia^ consists of a 
progressive and a regressive wave. The former extends from January to 
June when the testes graduedly enlarge in size and spermatogenio activity 
reaches its zenith in May and June; and the latter lasts from July to 
December. 

The tunica edbuginea is fibrous during the period of dormancy of the 
testes but becomes richly nucleated before the onset of the progressive 
phase. 

The interstitial tissue cells appear in large number in February, and 
surround the tubules, even forcing their way into their interior through 
their damaged coverings (tuhicae propriae). 

On reaching the interior of the tubules, these extraneous cells multiply 
amitotically at first to augment their numbers and then metamorphose 
into spermatogenio cells. 

A kind of selective elimination of the weak or effete cells takes place 
inside the seminiferous tubules soon after the reinforcement of their 
cellular contents with interstitial cells from the outside. 

The seminiferous tubules enlarge in size during the progressive cycle 
of the testes, and in April, May and June spermatogenesis actively takes 
plcM^e in them resulting in the production of a large number of spermatozoa. 
At this stage, the interstitial cells are in their minimum stren^h. 

At the close of the breeding seeison, regressive changes take place in 
the tubules, which shrink in size emd the reproductive cells pass into a 
dormant condition. The interstitial cells, at this stage, reapp^r in 
numbers and occupy the intertubular spaces within the testes. Frior to 
the onset of the Weeding season, some of the interstitial cells change 
into glandtdar cells. 

In Acridotheris trisUa, pigment is not so conspicuously present in 
the testes as in some other fimcies of birds. Very small quantities of it 
occur in the testes of this bird in the month of February. 

54. A study of the spermatogenesis in Mynah, Acridcihena 

tristis. , 

S. N. Mehbotba, Benares. 

During active spermatogenesis in Aeridoikmia Uiatia, all the four types 
<»f cells, viz., spermatogonia, primary spermatocytes, second^ sparmato- 
•oytes, and spermatids, can be made out. l%e cells of sertoli can be made 
out only during the period of active spermatogenesis. These cells deeay 
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after nourishing a number of 0 {>emia 6 id 0 and spermatozoa. It is just a 
matter of ohanoe that a spennatogenio cell beromes converted into the 
nourishing cell <odLl of serMt) instead of transforming itself into a germ 
cell. 

The spermatid metamorphoses into the spermatozoon. The oentriole 
divides into two which remain connected together by means of a fibril. 
The proximal oentriole moves towards the nucleus and adheres to it, 
while the distal oentriole assumes the form of a ring, through which the 
fibril projects out and eventually gives rise to the axial filament and the 
axis of the tail. The fibrfi connecting the two oentrioles becomes plastered 
with mitochondria, therein giving rise to the middle piece. The proximal 
oentriole produces the z^k re^on. Gk>lgi elements together ^nth the 
idioplasm aire concerned in giving rise to the aorosome in A, trisHs. The 
aorosome in this case lengthens out considerably and becomes thallus> 
like in form. 

Unripe spermatozoa do not possess a twist on any part of their body, 
but, as they ripen, the sperm head and the middle piece become twisted 
more and more. 

56. Some observations on the muscles of the fore-limb in the 
Indian Langur, Semriopithecvs entellus. 

A. Ab^Ai^THAKABATAiiA Ayeb, Vizagapatam. 

The origin of m. trapezius extends from occiput to tenth dorsal 
spine. It lacks clavicular insertion. Origin of m. latissimus dorsi extends 
nom eighth dorsal spine downwards along thoracic and lumbar spines, 
from lumbar aponeurosis and from 11th and 12th ribs. At insertion a 
dorsal part partly unites with m. teres major. H. rhomboid forms a con* 
tinuous sheet i^m sup^ior nuchal line to upper thoracic spines. 
H. atlantO'Scapuleuris anterior extends from axis emd atlas to laterm part 
of scapular spine. H. atlanto-scapularis posterior from atlas to medial 
angle of scapula might be regarded as uppermost slip of m. serratus 
anterior; this takes origin from all cervical transverse processes and from 
upper eight ribs. M. pectoralis major lacks clavicular origin. Mm. 
peotoralis abdominis, pectoralis intermedins, pectoralis minor and 
panniculus oamosus are attcushed to a deep pectoral aponeurosis. Deltoid 
origin extends on to the whole length of clavicle. Coracobraohialis is 
in two separate parts. Biceps insertion has no lacertus fibrosis. M. 
brachialis shows imperfect splitting into two peurts. Dorsoepitrochleetris 
is present. M. pronator teres lacks deep head. Deep aspect of sublimis 
sends a slip to profundus. M. fiexor pollicis longus is not isolated from 
profundus, though profundus shows partial splitting into two or three 
parts and supplies all digits. Extensor minimi supplies 4 and 5 digits. 
M. epitrochleo-anconeus is present. M. extensor pollicis brevis is absent. 
The contrahentes gives tendinous slips along 3rd and 4th metaceupals and 
muscular slips to 4th cmd 5th digits and the adductor pollicis may be 
considered to be a part of it. 

56. On the development of the vertebral column in mammalia,. 
H. K. Mooksbjee, Calcutta. 

Primarily the notochord remains as a straight solid naked rod of 
cells with uniform diameter. Segmentally perichordal rings are formed 
round the notpchord frgm the cells of both sclerotomites. The elastica 
externa makes its e^pearance by this time and the cytoplasm of the 
chorda cells forms the fibrous sheath of the notochord. The spaces between 
the 8 UQcep«ive perichordal rings are filled up by the sclerotomio cells 
(centruzz^ Rudiment) from both the adjacent sclerotomites. The notochord 
becomes dialated in the vertebral region and constricted in the inter- 
vertebrals. ^ The perichordal rings tog^her with the cells of the c^trum 
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rudiineiitB constitute the perichordal tube. The cells of the belt like 
centrum rudiments are differentiated into two concentric rings at a certain 
stage but this character does not persist throughout life. The nuclei of 
the notochordal cells instead of forming notochordal epithelium form a 
centnd mass, which with the chondrification traverses to the inter* 
vertebral dilatation of notochord and develops into nucleus pulposus. 
From the anterior and posterior parts of the perichordal rings the epiphysial 
plates of the vertebra are formed and intervertebral fibrocartilaginous 
TOdies are formed from its middle portion. The anterior half of the 
perichordfid ring is formed from the interdorscd and interventral com- 
ponents of the cranial sclerotomite and the posterior half from the basi- 
ventisl or its outgrowth paraj>ophy8is. On ^ing chondrified and ossified 
the centrum rudiments form the middle part of the adult centrum. The 
two epiphysicd plates are formed from the anterior and posterior pcurts 
of the perichordal ring, which fuse with centrum rudiment. 

The basidorsal ar^ basiventrals never take part in centrum formation. 
The neuro-central suture or joint is present between betsidorsal and 
centrum. The neural spine is formed by the fusion of the extensions of 
the basidorsal of the opposite sides over the spinal cord. The neural 
arch {Ulterior to the neu^ spine is completed by the supradorsal element. 
The zygapophyses are formed by the anterior and posterior outgrowths 
of the ^jaoent bctsidorsids. 

Proatlas is present between atlas and occipital region of skull. Its 
basidorsal unites with that of atlas and its centrum with the centrum of 
atlas. The atlas centrum in turn unites with axis centrum to form the 
odontoid. The proatlas basiventrcJs and perichordal ring become fused 
with basioccipited. The occipito-atlcmtic joint is segmental and inter- 
vertebral. Atlas ring is formed by basidorsals, bc^iventrals and by a 
strand of cells lying between the ends of bcusiventrals. 

The basiventrals in the thoracic region do not ohondrify and ossify. 
In the tail region only betsiventrals ossify wholly and in the cervical 
vertebrae only the bases of them chondrify and ossify. 

The capitulum of the cervical rib is attached with the basal part of 
the basiventral. And in thoracic region the capitulum attctches with a 
fibre c€urtilaginous strand running dorso -laterally in the posterior part or 
perichordal disc. The tuberculum is secondarily connected with thu 
diapophysis and the connection is ligamentaous. The chondrification and 
ossification of the rib begin from the peripheral part of the rib. 

57. A visit to some moimtain lakes in Kashmir for &unistio 

study. 

G. Matthai, Lahore. 

The paper gives an accoimt of a visit by a Party of Research workers 
from the Department of Zoology, Punjab University, Lahore, in the summer 
vacation of 1940, to some of the moimtain lakes in Kashmir for the study 
of their fauna. Seven lakes in the region of the Liddar Valley were 
visited, viz., Shesh Nag, Bona Bar, Tar Bar, Chanda Bar, Dudh Nag, Bona 
Bar (Rewll) and Handil Bar. Over fifty species belonging to several 
invertebrate and vertebrate groups are represented in the collections. 

58. The supposed genetio relationship of the Golgi apparatus 

and mitoohondria. 

D. R. Bhattaohabta and Mubu Dhab Lal Sbiyastava, 

Aliahabap. 

The *ApparathCklle’ or the cortical portion of the Qolgi Complex is 
not compost of 'PlastOBomes’ modified or as such, as Yamasaki gives us 
to understand (1936). On the contrary, the whole of the Gol^ apparatus 
must be consi^red to be a cellular ^organelle’, absolutely independent 
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of may other inclusion that may -be ooounring at the same time. The 
*A|>pii^inhalt* or the ohiomophobio portion of the Oompleit, likewise, 
mvA be oonsidered to be in4ependent of the neutral-red vacuoles, the 
latter never entering into its oomj^osition as an ingredient, although 
they may he found in'tfais sone after intra vitam or supra vitid staining. 

The neutral-red granules brought to view as a result of supra vital 
or intra vitam staining do not re^^ exhibit any particular affinity to 
sdver nitrate or osmio acid, and their subsequent metallic impregnation 
(Tamasaki, 1932 and 1936), which is effects with diffiioulty, must be 
considered to be brought about by the prolonged action of osmio acid or 
silver nitrate on the dye resulting in the production of a black precipitate. 
The entire conclusion and generalization of Yi^masaki (1932, 1934, 1936) 
in this connection must be considered as hasty and lacking in proof. 

The cells lining the uriniferous tubles of the frog which have been 
examined in this connection contain filamentous and granular mito- 
chondria, which do not show any genetic relationship with the reticular 
Qolgi amiaratus. The neutral-r^ vacuoles are discrete bodies found 
to occur m the region occupied by the Gk>]gi apparatus. 
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Biology of Insect Pests : their Control 

1. Preliminary studiee on the cardamom thiips — Teiemo^rips 
eardatnomi R., and its control. 

M. C. Chbbtait and M. S. Ktiasam, Coimbatore. 

A brief account of the cardamom thrips and its status ae a pest of 
cardamoms is given. Information on the host and its environment is 
included. The nature and extent of dunnage, the distribution end the 
seasonal history of the pest are outlined. The thrips reaches peak 
infestation in May when the blossom flush is also heaviest. All the 
stages of the life cycle are passed on the host itself. 

Experiments that were carried out would seem to indicate that it 
may be possible to reduce the scab mjipy by controlling the thrips with 
toxic sprays of tobacco decoction containing 0*28% nicotine. 


2. Details of a severe infestation of Schoenobitis incerteOm 
W. on Kole paddy in Cbchin, in January 1940. 

C. S. Vhhkatastjbban, Cochin. 

A seasonal crop which is usually immime to a particular pest» may^ 
sometimes suffer greatly, when, owing to ohmatio and environmental 
changes, the insect sudde^y turns its attention towards it. An interesting 
instance is afforded by the severe out-break of the stemborer of paddy — 
8choenohiu9 incerteUua W.~ in the last ‘Kole* crop of paddy, in Cochin, 
in January 1040. This is the flrst occasion, within the living memory of 
the Kole cultivators, that a severe infestation of the borer had taken 
place in this seasonal crop. The borer was so bad and widespread that 
many cultivators were under the impression that a supernatural blight 
had affected their crop. The main features of the infestation are detailed. 
The climatic and environmental disturbances that may have been 
resronsible for the mfestation are discussed. The control measures 
undertaken, as well as the subsequent subsidence of the pest are also 
recorded. 

The Ber fruit fly — Carpomyia veauviana, Costa, and'its 
control. 

M. C. Chbbiak and C. V. Sttkdabam, Coimbatore. 

Carpomyia veauviana A. Costa, is a aerioos pest of Ber (2iwyphua 
jujuba) fruits in Panysun, Kumool Dist. Eg^ are laid in the fraits and 
the maggots feed on the pulp and in due coum pupate in tbe soiL The 
larval and pupal stages are 2-3, 3~12 euM 12-305 days reep^ively. 
^iSe incidence of the fly is sometimes eus hig^as 100 per cent. There are 
four to five broods in the year in Panyam. fly has not been observed 
to breed on any other firuits so far. Opiua wioetaroB) earpomyiaa is found 
pauasitie on the fly maggots. Of the large iJomber of taim examined Ibr 
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reaiAfcaiioe to fly attack a few were observed to show only 2% incidenoe> 
while the neighbouring trees had cent ^r cent damage. Of the various 
methods of control tiied» viz., poisoned molasses spray, use of essential 
oils and fruit fly lures aiid ^kmg of the soil to de^roy the pupae; 
the last one was found to be the b^. 

4. PmlimiiiKry obaenrations on the use of niootine snlphate 

against dtrus PayUa. 

Khatt a. Bahuajt, LTallpur. 

Citrus Ptylla is a most serious pest of citrus in the Punjab. It can 
be effectively controlled with rosin compound but the preparation of this 
insecticide demands skill and is laborious. Therefore, in order to simplify 
the control of this pest, various dusts have been under triaL Of these 
mootine sulphate has so far given promise of success but is ezpeninve. 

The dust is prepared by mixing nicotine sulphate (40%) with such 
•cairiers as lime, ash and sulphur. The last-named carrier is more effective 
but its use increases the cost. A strength of to 4% niootine sulphate 
by weight gave 92-97% mortality. At least two applications were found 
necessary for sucoessf^ control of the pest. About 2 to 4 pounds of the 
dust was required per application for treating a single tree and it took 
5 to 8 minutes to treat it with a hand duster. The cost was worked out 
at annas 3-6 to 8 per tree according to the carrier and the strength of 
the poison. 

5. On an intei^ting oase-bearing larva of a ohrysomolid beetle. 

Mohak Sinqh, New Delhi. 

The paper contains an account of an interesting oase-bearing 
ohrysomelid larva of CryptocephcHua sp. The larva has been observed to 
feed on lucerne, *bajra' {Penmaeium typhoideum)^ oowx>ea and Acacia, 

On hatching out of the egg, the larva retains the egg case supposed 
to have been m^e by the female with her excreta. When walking about 
in search of food it comes out of the 0 €^ far enough to give free play to 
its legs dragging the case after it, with the posterior end always raised to 
an angle of about 75^. It continues to enlarge the case by the addition 
of bits of grass, but is incapable of rebuild!^ the case if it is deprived 
of it. 

The paper also contains a description of the egg, the larva and 
the Icuval case and remarks on the larval parasitization by a chalcid 
parasite. 

6. Habits and bebayiour df the giant mealy bug (Droaicha 

aUHbingi). 

Khan A. Rahhan and Abdui< Latif, Lyallpur. 

*^Jhe giant mealy bug (Droaicha ^abbingi) lays eggs during May-June 
after a diapause of about eight months, hatch in January, 
food-plants of the ^t were studied and it was found to feed 
on 44 plants and out of this lot, 24 jflants are recorded here for the flbnst 
time. 

The nymphs show a great capacity for wanderhig in search of their 
host-plants. The first instar nymjphs travel a distance of about 40 feet, 
while the last instar nymjflis cover a distance of about 150 feet, to reach a 
suitable host. 

The importanoe of weeds in the successful control of the pest was 
found by recording the population of the nymphs on 200 weeds in two 
a<Uaoent gardene— one having trees banded with asbkiky material and the 
•other with ^rees without any bands. Ih the former garden the average 
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popnlAtiaii of nymi^ per weed was 1,626 as against 4S0 in the Utter 
gacden. 

Quiesoeat period of the nymphs was found to be 6-14 days before 
first moult, and 6-12 ^d 6^ days before second and third moults 
respectively* The first instar nymphs and second instar male nymphs 
spent the period of quiescence gregariously in crevices, imder bark, etc., 
of the plants. 

G* K* Dutt (1926) had shown that in order to reach the soil the pest 
crawls along the liml^ and trunks of an infested tree. We found that 
there was qtiite an appreciable niunber of the females which dropped 
to the ground directly from the tree. Dutt’s control measures were 
critically examined in the light of this discovery. 

7. Biology of the citrus leaf miner* 

Kha^ a. BAHMAisi, Lyallpur. 

OitruB leaf miner is a widely distributed pest in the Orient, for it has 
so far been recorded from India, Burma, Ceylon, Malaya, China, Japan, 
the Philippine Islands, and the Dutch East Indies ; it has also been reported 
from Northern Australia and South Africa; in the Punjab it is present 
in almost all the citrus plantations. 

The females lay eggs singly usually on the underside of fresh, tender 
leaves. They hatch in 2-10 days. The caterpillar mines the leaves and 
makes a silvery white zig-zag tunnel in which it lives: the caterpillar is 
full-fed in 6-30 days. Pupation takes place in the mine in a cocoon. 
The pupal stage occupies 6-26 days. 

The attack of the pest is severe at two different parts of the year, 
once in April-May and then again in August. The attacked leaf remains 
stimted in growth, is deformed, becomes yellow and ultimately drops off. 

8. Migration of Chilo trypetes Bisset, from the top portion of 

sugarcane to its roots for hibernation. 

Kean A. Rahman, Lyallpur* 

Chilo trypetes Bisset, is a new and specific pest of sugarcane which 
has been recently discovered in the Punjab. It is limited in its distribution 
and has so far been recorded at Gurdaspur, Mukerian, Sialkot, Batala 
and Pathankot. It is active during July-September when it passes 
through three generations. As a caterpillar it lives in the tunnel which it 
makes in the cane and which extends from the point of its original entry 
upwards. During this period the first two generations complete their 
hfr-cycle in the top portion of the affected cane but the full-fed caterpillars 
of the third generation migrate to the roots of attacked or healthy plants 
for hibernation. For this purpose they come out of the tunnel, crawl 
along the stem and bore into it 2^—3' above the groimd and thus enter 
the roots. But, if, during their migration, they are blown off the plant 
by wind or any other agency, they bore into the lower portion of any 
cane to enter the roots. 

9. Feeding habits of Urostytia puncHgera Westw. 

(Pentatomidae, Rhynchota) and dan^ga done to Michelia 
champoM in Bengal. 

N* C. Chattbejbb, Dehra Dun. 

MieheUa oh^kpaoa (Ohamp, Ohampa) is one of the most important 
timber species in Bengal and considemble areas have been pl a nt ed in 
North Ben^ and Dooars forest divisions. Since 1027 the Aamp bog 
UrosiyUs punetigmu Westw. has become a pest of oonsideralile importance 
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to the growth of dhamp, ae a xhaseed attack of the bug is able to 
and wipe away young plwtations outright. The vital dax^ge to champ is 
caused by the piercmg and sucking of sap from newly formed leaves and 
young shoots oy the bug while feeding* as a result of which the foliage' 
wilts and dies back. 

Full details of the nature and extent of damage are given. 

10. Notes on a Midolepidopteions boxer on sapota fruits in 

Cochin. 

C. S. VBNKATA.STTBBA3!r, Coohin. 

Sapota — Acru8 8apota — ^fhiits in Cochin are found infested by a 
species of Microl^idoptera, which is not definitely identified. The moth 
lays eggs singly on the surface of the fruit. As soon as the larva hatches* 
it burrows into the fruit* and remains feeding on the pulp inside. When 
full-grown the caterpillar pupates within a fiimsy cocoon of silk* inside a 
chamber in the fimit, which has an opening towards the exterior for the 
exit of the moth. All sizes of fruits are attacked, but the incidence is 
generally more marked in the middle-sized fruits. The attacked fruits do 
not fall down. The borer attack is more evident during the months of 
litoy* June and July. 

11. Biology of Bruchua chinenaia L. 

Khan A. Rahmak, A. N. Safka, and G. S. Sohi, Lyallpur. 

Bntohua chinenaia L. is a serious pest of stored grams in the Punjab. 

It is active during April-October. It spends the period from 
November to March in hibernation, usually as a grub, inside a gram. 

The females lay 34-111 eggs at the rate of 1-37 eggs per day in 5-17 
days. The eggs are laid sii^ly glued to the surface m the gram. The 
eggs hatch in 4-13 days. larvae on hatching bore into the seed 

and there may be as many as three larvae in one. The larva is full-fed in 
10-29 days. It pupates in the gram near its coat. The adult emerges 
after 6-9 days by cutting a circular hole in the shell. 

12. Biology of Bruchua analia F. 

Khah a* Rahman, 6. S. Sohi, and A. N. Sapba, Lyallpur. 

Bruohaita analia F. is a serious pest of stored *Moong’ (Pkaaeolua mungo)^ 
*Moth’ (Fhaaeolua aconitifoUua) and ^Mash* (Phaaeolua raditxtua) and 
*Ilawa|i* (Vigrka catiang) and, in the Punjab, it has so far been recorded 
from Lyallpur and Sheikhupiira, The adults which very active, 
are Oapable of fairly strong fiight. The larva on hatching bores into the 
se)^ and feeds on its contents. By the time it attains its complete 
development, the contents of the seed are entirely consumed leaving only 
the shell or seed-coat behind. The adult emerges by making a circular 
hole in the shell. Since several generations are passed in quick succession 
in a season and a single grub is capable of destroying a whole grain, the 
infested stock is reduced to a mass of hollowed out grain in a compara- 
tively short time. In an advanced stage of insect attack, a fungus also 
appeckTB in closed receptacles which imparts to the grains a very foul 
smell. 

Copulation takes place immediately after emergence and the 
pair may remain in coitus for 2*75 to 17*6 minutes. 1-3 days after 
copulation the females start oviposition and lays 23-160 eggs at 
the rate of 1-82 eggs |per day in 2-d days. Figgs are glued on to 
the min* usually one Ogg OO each grain. Eggs hatch in 6-9 days in 
April and 3-6 days in ll||g»N4Xigust. foe larva on hatching bores into the 
seM ana passes its within it feeding on its contents. It 
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becomes fu]l<fed in 8-27 days when it comes to lie next to the seed-coat 
where it turns into a pupa. Pupal stage lasts for 5-13 days and the adulta 
emerge by cutting a circular hole in the seed-coat. The females live for 
3-7 <my8 and the mides for 3-11 days. 

The larva of the pest is parasitized by Bruchdbiua Uxtioeps Ashm, 

13. San Jose^ scale in the Punjab. 

Khak a. Rahman, Lyallpur. 

San Jose' scale is a serious pest of deciduous fruit trees, and shade 
and ornamental plants. Its original home is China from where it was 
taken to U.S.A. in 1870. By 1921 it had become established in almost 
all the apple growing tracts of the world. In the Punjab it was first 
discovered in 1923 at Kulu. Subsequent search revealed it in the Simla 
hills, Kulu Valley, Murree hills and Dalhousie. 

It can live on the sap of about 180 difierent kinds of plants. 
Among the plants which suffer most from its attack are apple, pear, peach, 
plum, cherry and their closely related wild species, currant, 'f^ow, 
hawthorn and rose. 

San Jose' scale passes the winter as nymph underneath a dark grey 
or black scale on the trunk, branches and ti^s of its food-plant. Such 
scales are also present in the eye and navel of ripe fruit sold in fruit markets. 
These nymphs resume feeding in March. Males emerge in March-April, 
mate with the females and then perish. Nymphs appear in May. Male 
nymphs reach maturity in 26-30 days while female nymphs take 30-35 
days to mature. The pest keeps up active reproduction up to November- 
December when hibernation begins. There are 4-5 generations in a 
year. 

The pest is spread most commonly through nursery stock. 

It kills a young plant in 2-3 years and an older one in 4-6 years. 

It can be effectively controlled with fuel oil emulsion which is com- 
posed of 5 seers of diesel oih 2 seers of potash vegetable soap and about 
14 seers of water. One part of this emulsified material is diluted with 
33 parts of water and sprayed on the attacked plant. 


Ecology 

14. Effect of plant colour on the body coloration of the desert 

locust (Schistocerca gregaria). 

Dbs Baj Bhatia, Banner (Bajputana). 

Field observations on the desert locust, Sc^tistocerca gregctria, show 
that ordinarily the body colour of hoppers (as well as adults) assimilates 
the colour of the plants on which they live. For instance a hopper on 
‘bajra’ {Pennieetum typhoideum) has green colour and one found on 
‘booh’ {Aerua javamca) has greenish white or ashy blue colour. Hoppers 
found among dry grasses become hay coloured. 

Whitish green body colour is supposed to be characteristic of the 
freshly moulted solitary adults, but it h^ been observed that in cases they 
are found among green vegetation even the sexually mature forms may 
develop green body colour. This is obviously a secondary development 
presimiably due to the nature of the surrounding vegetation. 

15. Colour variation in some lepidopterous larvae ef economic 

importance. 

MosAiT SiKOH, New DeBii. 

The paper deals with colour variation due to the diffarence in the 
nature and cc^ur of the food observed in the larvae of HdMhU armSgmra 
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Laphygma easigua Hb., A^nUgcuhra caialaunaiUs Dup., Margairenia 
4ndioa aamdL, PliUeUa meteiuUp&mia Curt., Ewhfyaop» mtjuB Fb., 
MartunAa tfopemliB Guen. 

It baa bMn observed that the ground colour of the larvae is largely 
dependent upon the colour of the food though the colour patterns proper 
to larvae are independent thereof; for exam^e^ larvae of HeUothia 
armigera wh«i fed on pink petals of hollyhock flowers develop 
pink colour, though the colour patterns proper to the species remain 
unaltered. In the case of A nUgautra cakAaunaha^ larvae when fed on green 
leaves, develop uniformly green colour and pinkish blue when fed 
on petols of Sesamum indiam* So also in Phadla rnacuUpennia, larvae 
when fed on green leaves of cabbage remained green, but when fed on 
puxple leaves developed purple colour. 

In order that the f^d should have the fullest effect on the colour 
of the larvae, they must be fed on that food (plant) from their very birth 
or else intermediate shades will result. 

16 , The seasonal incidence of the finiit flies. Dams cucurhitae 

Coq. and Dacus oiliaitta Loew at Delhi. 

Hem Singh JPeuthi, New Delhi. 

Amongst the species of fruit flies infesting cucurbits in India 
Mytoparddlie pardcUina Bigot and Dacua cucttrbitae Coq. are recognized 
as serious pests, the former species attacking melons and the latter infesting 
besides melons, several other cucurbits, e.g., Momordica ehararUia (Karela), 
Luffa ctegyptiaoa (tori), gourds, cucuml^r, etc. 

During the last thi^ years the well-known Ethiopean fruit fly, Dcums 
dUatua {D, breviatylua Bezzi) has been found causing serious damage to 
cucurbits along with D, cucurhitae at Delhi. 

Field observations on the seasonal prevalence and relative incidence 
of the above two species of Dacua indicate that each species requires 
speciflc environmental conditions for favourable breeding. Whereas 
year after year D, dliatua appears about the beginning of June and infests 
50 per cent of melon fruit by the end of that month, the time of appearance 
of D. cucurhitae has been Ibund coinciding with the first shower of monsoon 
rains which may be at the end of June or early in July, The melon crop 
is, therefore, mostly attacked by D. dliatua. During rainy and winter 
seasons there is a mixed infestation by both the species, the intensity of 
attadc ranging from 70 to 00 per cent in karda and tori. Field collections 
and recorck of rearing of flies from infested fruits have shown beyond 
doubt that during the rainy season the attack is chiefly caused by D. 
-cucurhitae whereas m wintOT the incidence in fruits is mainly due to 
D. dliatua. 

Thus it is concluded that the fecundity of D. dliatua is adversely 
alibcted by increased humidity and therefore the damage by this fly is 
e3q>eoted to be serious in dry summer and winter. On the other hand, 
extremes of weather do not seem to be favourable for the breeding of 
D. cucurhitae and the species would increase in numbers and be a seiious 
pest in hot and moist weather. 

17. On the fatal temperatures for the pink boUworm {Platyedra 

goaaypieUa) of cotton. 

Hbm Sinoh Pbttthi and Taskhib Abmad, New Delhi 

The method of controlling the pink boUworm by preventing the ^carry- 
over* of the hibernating lairvae found inside the harvested seed by suitable 
heat treatment has him followed in some countries and reoammended 
for adoption in oertaih parts of India. Yet few accurate data on lethal 
temperafores and hi^wies for the boUworms themselves (outside the 
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cotton seed) and for the seed are available under IntliA.n conditions. At 
the request of the Department of Agriculture, United Provinces, this 
investigation was taken up last year and the results of the work carried 
out so far are summarized here: — 

Hitherto almost aU the workers have subjected bollworms resting 
in (K>tton seeds to various temperatures. It is obvious that the value 
of such results is limited as the effect of these exposures would vary 
widely with the temperature and moisture content of the seeds before and 
after treatment, the texture and iuznness of the seed, the prevailing 
relative humidity, etc. Thus the heat tolerance of naked larvae taken out 
of the seeds is of fundamental importance in the study of heat treatment 
as a control measure. 

Oiur experiments have shown that naked larvae imdergo complete 
mortality when exposed for 24 hours to 46®C., l-2j^ hours to 60®0., 7~10 
minutes to 56®0., 6 minutes to 66®C. or one minute to 70®C. Tf instead of 
naked larvae the cotton seeds containing larvae ar^ treated and are 
brought from and taken to a room temperature of 36®->40®C., an exposure 
of over 3 hours to 60®C*, 40 minutes to 66®C., 15 minutes to 60®C., 7-10 
minutes to 65®0., or 3-6 minutes to 70®C., is completely fatal to larvae 
within the seeds. Thus from practical point of view where time factor is 
of considerable importance in dealing with large quantities of material, 
the exposure of seeds to heat should be so regulated with reference to the 
initial and final seed temperature and the nature of seed, etc., that the 
larvae themselves inside the seeds are at a temperature of 66® to 70®C. 
for one to two minutes. 

The part played by atmospheric moisture in determining larval 
mortality at dmerent high temperatures was hitherto little explored. 
We have now determined that imder relatively dry conditions the larvae 
resist high temperatures better and therefore longer exposures would be 
required to ensure complete mortality. For instance, while an exposure 
of seeds for 24 hours to 46®C. is completely fatal to larvae if the saturation 
deficiency of air is 3-14 mm., it is not fatal if the saturation deficiency 
is 32 mm. 

Experiments on the protection afforded by the variety of cotton 
seed to the larvae inside them during heat treatments were conducted 
only on two varieties, viz., a desi variety (MoUisoni) and an American 
variety (289F.). It has bron found that although the difference is not 
great, yet the heat treatment remaining the same, there was always 
higher mortality among larvae inside American seeds as compared to 
those inside desi seeds. 

The viability of cotton seeds is not affected materially up to cm 
exposure of about 20 minutes to 66®C. or 16 minutes to 76®C. or 7 minutes 
to 80®C. This shows that there is a fair margin of safety between heat 
exposures fatal to larvae and those injurious to the viability of the seeds. 
It must be pointed out that in practice the seeds after coming out of the 
hot machine retain heat for some time, particularly if they are put into 
sacks immediately after treatment and this period must be kept in view 
while prescribing temperature and exposure. 

lue techniqiie of heat treatment is discussed. 

18. Studies on bee behaviour. 

M. C. Chbbiait, S. BAMAOHAKpaAy, and V. Mahapbvan, 
Coimbatore. 

Flight activity of honey bees and the corresponding flu^^tions in 
the weights of the colonies were studied in relation to the environmenta 
Buch as availability of bee pasturage, atmospheric temperature, relative 
humidity, etc. Some interesting obseirvations on the fcuH^ors ixrfiuenoing 
bee activity, the response of the bees to the characteristic weather ana 
pasturage conditions prevalent during the different seasons of the year aa 
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as to the variations occurring from hour to hour within the day, are 
recorded. Statistical correlations between the availability and collection 
•of the bee foods and the external conditions are presented. 

19. The relationship between the distribution of the Ox Warble- 

fly {Hypoderma lineatum De Villers) and soil moisture 
in India. 

B. N. SdNi, Mukteswar. 

,Soil moisture has an important bearing on the life-history of 
Mypodenna lineatum. During the period, when the pupa has to remain 
in the soil for nearly six weeks, any excess of soil moisture has a detrimental 
^ect on its development. Experiments carried out in the laboratory at 
Mukteswar have shown that the maximum number of emergences occur 
at soil moisture varying from 1 to 6 per cent and that no emergences 
occur in the case of pupae kept at a soil moisture of 16 per cent and 
above. These observations in the laboratory are in accord with those 
made in the field regarding the distribution of the Ox Warble-fly in India. 
Various workers in the United States of America have arrived at similar 
conclusions as a result of experiments conducted in the field and laboratory. 

20. Experiments on the pupa-formation of the moth, Prodenia 

litura Fb. (Lepidoptera, Noctuidae) in relation to its 
different environment. 

D, P. Kaichoudhitby and A. C. Basu, Calcutta, 

The paper deals with the pupa-formation of the moth Prodenia litura 
Eb. (Lepidoptera, Noctuidae) \mder dififerent environmental conditions. 
The transformation of the pupae in P. litura occurs under the earth 
surface as well as under other substrata. Pupation cannot take place 
'on an open surface without any substratum. The late larvae bore their 
way into the neighbouring substrata probably for prepupal safety and 
for securing immunity from any appreciable degree of temperature 
changes. Q^e substrata endow^ with sticky secretions give extra 
facility in building up the prepupal cases. The percentages of pupae 
formed depend on the types of the substrata as well as on the capacity of 
the late larval instars in x>erforating the surface of the substratum con- 
cerned. Hard and disturbed substrata cause an adverse effect on the 
percentage of pupa formation; and in soft and undisturbed substrata, 
the percentages of pupation is higher; but a very soft substratum is not 
at aU helpful to the larvae for^transforming into pupae. Darkness alone 
has no effect on the pupa-formation of P. litura. 


Insect Vectors of Virus Diseases 

21. Some new alternate hosts of tobacco leaf-curl disease and 
the insect vector concerned. 

Hum SmoH Pbitthi and C. K. SAHUBL^New Delhi. 

At some previous sessions of the Indian Science CSongress (193S and 
1939) the question of the transmission of leaf-curl virus from diseased 
sannhemp and Ageratum conyzoidee to healthy tobctcco by the agency 
of white-fly, Bemieia goseypiperda, was discussed. Experimental work 
carried out during the last two years has revealed a large number of other 
alternate food-plimts of the white-fly which suffer from leaf-curl disease and 
from w^ch the white-fly ccm transmit the disease to healthy tobacco. 
In the case of the fcfiowing plants transmission experiments ^ve given 
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over 50% positive results: — Zinnia elegansy Soianum nigrum. Euphorbia 
hirta, Vemonia oinerM, Lycopersicum eamilentum. With Launea aapleni^ 
fcUa, Sido rhombifoUa and Scoparia dtUoia, between 40 and 60 per cent 
positive results were obtained. 

As regards the actual sources of leaf-curl infection to tobacco in the 
field, it does not neces^rily follow that all the plants named above are 
soiirces of danger to this crop. To determine the real sources, one has to 
consider the time of the year when the above plants occur in the field 
and the time when they show the incidence of the disease , remembering 
that tobacco is most susceptible to infection and damage from September 
up to the end of November, Though our experiments reported in the 
present paper show that tobacco can get infected during spring (February- 
March) also, if it is not more than about ten weeks old, it is only of 
academic interest as in actual practice the tobacco crop in North Bihar 
is generally harvested in January-February and if it is still standing, 
only young leaves of the offshoots get diseased. 

It is noteworthy thal^ith another species of white-fiy, viz., B. 
giffardi, which is also common at Pusa, no successful transmission was 
obtained in the case of any plant. In fact it did not feed on tobacco 
at all. 


Natural Enemies of Insects 

22. Beetles predatory on the sugarcane white-fly — Jauravia sp. ? 
M. A. H. Qadei, Aligarh. 

Several species of beetles have been collected feeding on the pupae 
of sugarcane white-fly AUurodea barodensis at Aligarh, Out of these two 
coccinellid beetles Brumua aviuralis. Fab. and Jauravia sp. are especially 
conspicuous for their fixed habits and the consumption of larger number 
of white-fly pupae. The studies on the bionomics of B, suturalia are at 
present in preliminary stage. The facts about the biology of Jauravia 
are, however, more fully known and will be briefly recorded below. 

The first appearance of this beetle takes place synchronously with 
the appearance of the pupae of white-fly near about the middle of tho 
rainy season. This year (1940) it was captured in the fields for the first 
time after the rains at the end of the third week of August. The beetle 
disappears for aestivation at the beginning of summer when the white-fly 
also vanishes. The adults are dark-red shining beetles. Their bodies 
are convex and spherical. They are more or less sluggish and do not 
fly unless disturbed. They feed on the pupae of white-fly but their rate 
of consumption is much lower them that of the larvae. 


^998 : — 

Eggs are laid on the sugarcane leaf in clusters of 6-8. They are 
white in colour and are sub-spherical. 

Larvae : — 

The larvae are whitish grey in colour. They are ve^ active and feed 
voraciously on the pupae of white-fly. They are typical campodeiform 
larvae but are without cereal appendages at the posterior end of the body. 
The larvae exhibit a peculiar gregario\is habit particularly in their early 
stages and are foimd to moult together in large numbers. The larvae 
become quiescent a few days before pupation. , 

Pupa : — 

The pupa is of the usual coccinellid type with a broad cephalothoracic 
legion and a narrow abdomen. The pu]^ stage iMts for 4 to 5 days. 
Towards the end of the pupal stage the pupa gets pinkish and ultimatdy 
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deliifloes along the mid-dorsal in the region of thorax for thS’ 
emeigenoe of the adnlt. 

23. Biological notes on SinoxyUm sudanicvm Lesne and its 

parasites in South India. 

P. N. Kbishka Ayyab and V. Mabqababdhu, Coimbatore. 

In the course of an investigation into the possibilities of biological 
control of Pempherte affinia Fst. it was discovered that SinoxyUm 
oudanioum Lesne constituted a useful and abundant alternate host for an 
important Pempheres parasite, namely 8paih{u8 critolaua Nixon. WMe 
attempting to utilize this host for the mass breeding of this parasite, 
some observations on the biology and habits of the insect were made* An 
accoimt of these observations is presented in this paper. 

These insects are commonly found boring into the stems of Cambodia 
cotton slightly weakened by other causes in the field, particularly in the 
season November to January. They also heavily infest these plants in 
storage after removal from the field. Their habits, activities, coume of 
tunnelling and preference for this food plant are discussed. Their activities 
are at the maximum late in the afternoon on bright sunny days. The 
life-cycle approximately ranges from 43 to 53 days. There appear to be 
four distinct generations of the insect imder South Indian conditions. 
Brief references to the parasites and predators of the insect are also 
included. 

24. Biology of the Beduviid bug, Acanthaapia quinqmapiw>aa 

(Fabr.), an enemy of white-ants. 

Hem SmoH Pbttthi, New Delhi. 

Beduviid bugs are mostly beneficial insects as they prey upon a 
large number of injurious insects. In India, very little is Imown about the 
habits and bionomics of this family. 

A. guingueapinoaa (Fabr.) is a widely distributed species previously 
recorded from Khasi BUlls, Banchi, Saran, Poona, Bhore-Ghat, Ceylon 
and Burma. 

The nymphs and adult of this bug were foimd feeding at Delhi on 
white-ant workers and inhabiting localities where white-ant galleries are 
present. Winter and early spring are passed as nymphs and adults. 
About the end of March the nymphs become adults and copulation and 
Oviposition commence. The eggs laid during this period aestivate through- 
out May and June and hatch when the monsoon rains break out. 

The eggs are laid singly in the laboratoi^ under pieces of paper or 
moist earth, specially the latter.!. The oviposition period extends over a 
month and 150-200 eggs are laid by a single female. 

The nymphal period is 52 to 66 days during July to September. During 
winter they lubemate in the 4th and 5th inst^ and the nymphal period 
thus extends from about the beginning of October to February or lliforoh. 
The nymphs have the peculiar Iwbit of disguising themselves by covering 
their homes with various substances such as cast-skins, pieces of paper, 
wood, charcoal, soil paurticles and the skeletons of the wMte-ant workers 
which are held in place by means of sticky hairs present on their body. 
With each moult the material is thrown away and fresh material is gradually 
put on with the help of the hind pair of legs. 

There are 1-2 generations in a year. The activity of the bug 
83 mohronises very ww with the activity of white ants. The white-ants 
are active during imiing, rainy season and autumn and so is the bug. 

Considering thtit longevity and voracity for food, an immensely 
large number of wHte-ant workers may be destroyed by each nymph.. 
They also readily feed on pink and spotted boUworms of cotton if o&mdx 
in the4M3hratory. 
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26. The biology of Amyoaonui ehilonis Vieieok — « larval peoasite 
of Chilo zondlua Svmt. 

M. C. Chbbiak and P. S. Nabayanaswamv, Coimbatore. 

ThePyralid moth borer — Chilo zonellita, Swin. — a major pest of Sorghum 
in the Madras Presidenoy, is subject to the attack of a numTOr of parasites 
of which Amyoeoma ehilonis Viereck is one. The parasite lays eggs loosely 
in a cluster on any part of the body of the host ranging from one to a 
dozen in number. The maximum number of eggs laid by a single female 
is S4. The egg hatches in a day. The larva feeds on the host and attains 
full growth in 3 days when it spins a cocoon. The prepupal stage extends 
from 3 to 4 days and the pupal stage 5 to 7 days. The total life-cycle 
of the parasite is 12 to 15 days. The adult is fairly long lived, the 
maximum longevity being 59 days. Parthenogenesis is a common pheno* 
menon, the progeny in tl& case being all males. 

The description of the various stages, the habits of the parcusite, 
its alternate hosts and efficacy in controlling the borer pest are discussed 
in the paper. 

26. Bkaconotus caulicola Muese. (Hym. Brae.), a larval parasite 
of the sugarcane white moth borer {Scirpophaga 
rhodoproctalia^ Hmps.). 

M. C. CHEBiAiir and P. Israel, Coimbatore. 

Rhaconotus caulicola Muese of which the biology is given in this 
paper is new to science and occurs as a larval parasite of the moth borer 
Scirpophaga rhodoproctaUs Hmps. in sugarcane. Its habits are described 
as is^o its life-history. The seasonal and regional prevalence has also 
been studied. Its efficacy as a parasite is broadly indicated. 


Taxonomy and Faunistic Studies 

27. The relationship of Microbracon hebetor Say and M 
brevicomis Wesmael. 

K. B. Lal, New Delhi. 

The parasites, Microbraecm hebetor Say and M* ftrcwcofms Wesmael, 
are cosmopolitan species, attacking a large variety of Lepidopterous 
hosts in various parts of the world. In India there have been very few 
references to them and the parasites were not considered of much import- 
ance till 1936 when Glover and Chatterjee reported the occurrence of Af. 
h^etor at Namkum, Ranchi, and found it parasitizing Eublemma amabilis 
Moore, Holcocera pulverea, Meyriok and Eublemma edtuXa^ Rmbr. in the 
laboratory. The authors suggested, therefore, the potential use of M. 
hebetor in the biological control of the predator enemies of the lac insect 
but considered the species to be rare in northern India, a statement, 
which, in effect, was contradicted by Gh\ilamullah (1939) speaking for 
areas near about Delhi. Some doubt has also arisen about the correct 
identity of hebetxyr as distinguished from brevicomis, which also has been 
known to occur in northern India, specially in view of the conflicting 
opinions held on the relationship of these two species by some Europeem 
and American workers. The question of the identity and distribution in 
Inffia of these two species has, therefore, assumed considerable economic 
importance. In the present contribution the extreme similarity of the 
two species, hd>etor and brevicomis^ is emphasized and the existence of 
some interme^te and aberrant forms in specimens reared from various 
hosts at New Delhi is pointed out as introducing complications in the 
otherwise easy separation of the two species, whi<m, for the present, are 
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allowed to remiam distinct, although it is suggested that at a later stage 
they may have to be merged into one species with possibly two or more 
biological or geographical races. 

28. The status and study of the ^ Thjrsanoptera ’ of India. 

T. V. Bamasbishna Ayyab, Madras. 

Among the difiTerent groups of insects inhabiting the various tracts 
of India, the order Thysanoptera forms one of the divisions the study of 
which hfiU3 been greatly neglected till now. In this brief paper an attempt 
is made to invite the attention of young entomologists in India to tl^ 
unexplored field of Entomology. In doing so the peculiar and unique 
structural and bionomic characteristics of these insects which sts^ 
in need of a good deal of investigation are pointed out. The structure 
and fimctions of their mouth parts, legs and wings as compared with all 
other groups of insects are features which deserve the attention of future 
workers. In addition their importance from various economic aspects 
as crop pests, plant disease vectors, blood suckers, fiower pollinators 
and weed killers also call for a good deal of attention from economic 
entomologists. The very unsatisfactory and meagre systematic work 
done on Lidian Thysanoptera until lately is also referred to in the paper. 

29. Dung fauna studies at Lyallpur. 

Khait a. Bahuan, a. N. Safba, and G. S. Sohi, Lyallpur. 

The work on dung fauna has been in progress for the last two years. 
During this period sixty-seven species of insects consisting of 29 species 
of Diptera, 12 species of Hymenoptera, 20 species of Coleoptera, 2 species 
of Oollembola, 1 of Heteroptera and 3 of Arachnida were collect^. 

These insects are active throizghout summer but in winter only 2 
species of Diptera and 2 of Hymenoptera are active. 

The infestation in fresh dung when stored in a pit starts from the 
top and gradually works downwards: during the first fortnight of storage, 
the top three inches are mostly infested, but during the second fortnight 
the infestation spreads down to 3^-6^ while after a month or so, the 
deeper layers get infested. 

30. Staphylinidae from Lyallpur, 

Khan A. Bahman and M. A. Qhani, Lyallpur. 

Out of 133 of the Punjab Staphylinid beetles mentioned in the 
fauna of * British India*, 131 are record^ from the hilly tracts of Simla, 
Kulu and Murree and only two are recorded from the plains (Lahore 
and Shahpur). This numerical disproportion between the hill and the 
plain species in a continuous area shows that the plains had been searched 
only cursorily. This group, however, is of great economic importance in 
view of the known propensities of its members for feeding on other 
insects and it was, therefore, decided to make a collection of them and 
study their habits at Lyallpur. The following 22 species were collected 
and their habits studied. 

OreopMhua vittipennis Kr., SUtphylintbs sp., IndosoUalmua anachoreta 
Er., Leptacinm parumpunctatus GyU., L. p<mmpuncUxtU8 Gyll. var. 
tricolor Er., PhUonthus deUoaiultba Boh., P. thcrmartm Aube., P. apeoioauB 
Cam., P. cinettUua Gr., P. gemeO/ua "Kx., Leucoparyphiia Umbifer Mots, 
var. margimcollia Kr., Pctederua fuac^ea Curt., TrogopMoeua {Boopiwua) 
akmcfMia Faxiv., Aleodhara olavioomia Bedt., A. trwiaUa Kr., Oosytelua 
{Oacooportm) ferrugineua Kr., Oxytdua (Arwtylua) latiuacidiia Kr., PUOya* 
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mhua corn/uifua Qr., Atketa mgerrirm Aube., A. nvb&nda Kltig., A. ghanii 
Cam., Ocypua bieolor Cam., Myrmecopora elegana Cam. 


31. Some observations on the insect life of the Liddar valley, 

Kashmir. 

D. R. PuBi, Lahore. 

The preeeiit paper is based on a collection of insects made by the 
Author when he accompanied a Research party from the Zoology 
Department of the Punjab University to ELashmir, during the summer 
of 1940. 

The commoner and larger insects were collected, and observations 
made in the field were record^. 

The collection includes approximately 200 species belonging to variouib 
orders of insects. 

Observations made in the field mainly refer to the ecology and 
geographical distribution of the species collected. 

% 

32. Mallophaga from Oallus domesticus, 

Khan A. Rahman and A. R. Ansari, Lyallpur. 

In the Punjab OaUtia domeatictia is attacked by about nine different 
species of Mallophaga, viz., Menopon pallidum Nitzsch., ilf . atraminmm 
Nitzsch., Lipeurus tropicalia Peter., L. heterographua Nitzsch., L» vqHabiUa 
Nitzsch., Ooniodea diaaimilia Nitzsch., Ooniocotea hologaater Nitzsch., 
Q, gologaater var. maculatua Tasch., and G, gigaa Tasch. The more 
important of these are briefly discussed below : — 

(1) Menopon pallidum Nitzsch. — ^This is the commonest of the lice 
which is present throughout the year on G, domeaticua. It is of light- 
straw colour and crawls about actively among the feathers of its host. 

(2) lApeurua heterographua Nitzsch. — ^This lice is of fairly common 
occurrence in the Province. It is smoky in colour and aboimds on the 
neck and head of the host. 

(3) Lipeurua variabilia Nitzsch. — ^It is a dirty white lice which mfests 
the primary and secondary feathers of the wings. 

(4) Ooniocotea gigaa Tasch. — This lice is also fairly common but is 
usually never abundant on a bird. It is a large-sized species which 
abounds on the back of the host. 

The life-history of L, heterographua was studied in detail. A female 
was found to lay 14-26 eggs in her lifetime. The eggs hatched out in 
fi-8 days and the nymphs took 26-34 days to reach maturity. 


Morphology, Physiology and Development 

33. On the post-embryonic development of the male genital 
organs of Dryinua (Hymenoptera). 

B. BassHFAL, Lucknow. 

An account of the internal genital organs and the external genitalia 
a-nd their development is given. 

The genitalia are paired in origin and represent the coxites and 
teleopodites of the ninth segment. 

The whole of the efferent system is also paired in origin. The efferent 
system, except the ductus ejaculatorius and the paired ejaculatory ducts, 
is mes^ermal in origin. The gonophore is situated posteriorly to the 
^^th segment. 
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84. FtoliminaTy obeervalaoiis on the morj^iologioal ohanges 
following growth and differentiation of the Tarioua 
phases of the common mound>building termite Temea 
redemanni Wasm. 

D. MtnoiBJi and S. BAiOHOxn>HxmT, Calcutta. 

Speeunens of various phases oommenoing firom the egg to the 
de&lat^ stage of the oonunon mound >buildmg termite Termea redemanni 
Wasm., were collected at different seasons from Halisahar, thirty miles 
distant from Calcutta, cmd the habits, development cmd morphology of the 
species are be^ studied. In this j)aper morphological changes following 
growth and differentiation of sexual and non>sexual phases are recorded. 
Special attention has been paid to the comparison of the mouth-parts of 
worker, soldier and queen commencing from the immature forms with 
eleven jointed-antenna to the forms with eighteen jointed-antenna. 

The worker and sexual phases conform in their mouth-parts closely 
to the immature forms, whde the mouth-parts of the soldier become 
differentiated from the rest at the penultimate stage. In the digestive 
system the histology of which has been studied, the soldier differs from 
other phases in having a pair of glandular tubules opening into the terminal 
ends of the projecting labrum. The tubule is swollen at the posterior 
end occupying the tnu^ ; it is filled with a creamy white substance. Sexual 
glands are first noticeable in forms with wing pads but no trace of them 
could be found in earlier stage of the wingless forms. 

In queens, two of '^^ch occur m the same chamber in a single nest, 
ovarioles form a dense' mass of entwined threads and are of panoistio 
typo. 


36, The growth of insect antenna. 

M. A. H. Qadbi, Aligarh. 

The growth of the antenna of insects has been regarded to take 
place by means of two processes. Firstly, there is etn increase in the size 
of the individual joints of the antenna and secondly, the number of the 
antennal joints increases during the post-embryonic growth of insects. 
The second process, viz., the increase in the number of antennal joints 
has been subject to a difference of opinion. Lubbock in Ephemeroptera 
held that the increase of the antennal joint takes place by the sub-division 
of the distal joints of the antennae. Others — ^Fuller (Termites), Bugnion 
{Periplaneta orientalia), Ide (Ephemeroptera) €uid Qadri (BUxtta orientalia ) — 
have shown that the third antennal joint forms the zone of joint- 
multiplication in insects. The following is an abstract of the observations 
made on the growth of the antennae of exopterygote insects. 

The antennae of the above-mention^ forms fall into two t3q)es. 
First, those in which the fiagellum consists of a large number of joints. 
Among such forms the number of the antennal joints of Periplaneta 
and BlaUa have been observed to have become treble during the post- 
embryonic growth. The second type of antenna has a flagellum consisting 
of a much smaller number, and it has been observed in ForfieuUi and Loouata 
that the number of joints of the antenna of adult is less than double 
that of the first instar nymph. These two types will be dealt with 
separately since they show different modes of joint multiplication. It is, 
however, essential to point out that in all cases the third antennal 
joint provides the zone of joint multiplication. It also serves, as Fuller 
says, as *the womb’ of the new joints since they undergo some growth 
and differentiation before their separation fn>m it. 

In insects with the antennary flagellum consisting of a large number 
of joints, studies were carried on Blc^ orientalia, Periplaneta amerioana, 
QryUua domeaticua (Orthoptera), Ephemera wdgcOa (Ephmeroptera), 
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Nmmtra wmegcOa (Plecoptesra) and MachiUa maritimus and Ltpisma 
saoAoHna (Thysanura). In these oases the growth and multiplication of 
joints take place as is described in BlaUa by Qadri (Bull. JBntam. 
Reseof^f XX IX, 1938). The thi^ antennal joint is divided into a 
large number of paired daughter joints which separate in pairs from 
the parent joint. Later on they g^ow and earch of the pairs separates, 
and grows to form independent joint. 

In insects with the antepnary dagellum consisting of a small but 
fixed number of joints, studies were carried out on Locusta rnigratoria 
(Orthoptera) and ForfleuUa auricularia (Dennaptera). In these oases as 
well, the third etntennal joint is the parent of the new joints which are 
add^ during the post-embryonic development. The third joint in this 
case is divided into two or three sub-joints. These daughter joints grow 
and separate one by one from the parent joint. 

36. On the alimentary canal of the larva of Scirpophaga niveUa 
(Pyralidae : Lep.), with a discussion on the nature of the 
so-called goblet-cells in the mid-gut epithelium. 

N. S. Aren, Lucknow. 

The paper deals with the anatomy and histology of the larval 
alimentary canal of Soirpophaga niveUa. Two new facts are emphasized: 
(i) that the stomodaeal invagination into the mid -gut does cu^tually 
function as a valve and checks the re-entry of food-contents of the mid- 
gut into the fore-gut and was therefore correctly termed as the ‘oesophageal 
valve*, and (ii) that the so-called goblets in the mid-gut epithelium are 
not contained within the cells but are intercellular secretory globules 
contained in cavities formed by the invaginations of the epithelial border, 
so that there are no special epithelial cells which may be called goblet- 
cells. 


37. The hypodermal glands of Pulvinaria maxima Green. 

A. B. Misba and V. Pbabttakar Bao, Benares. 

The various kinds of hypodermal glands of Pulvinaria maxima are 
described in this paper. Unicellular and pluricellular wax-secreting 
glands are present in the dorsum and lie scattered all over it. 

The unicellular gland possesses a large round nucleus and opens to 
the exterior through a circular pore lying in the centre of a less sclerotised 
area. These glands secrete wax in the form of small squamae. 

The pluricellular glands are made up of six to nine cells, one of which 
is always larger than the rest and forms the base of the flask-like body. 
The ceU boundaries are clearly defined in the fundus region of the gland, 
but less so in the neck region. The opemng of these glands is similar to 
that of the foregoing type. 

Unicellular glands are present all round the margin of the body of 
the insect in association with the marginal setae, and secrete wax in the 
form of oylin<hical threads. 

Unicellular glands also occur at the base of the stigmatic setae. 
These also secrete wax, since a pencil of wax exudes around each seta 
very much in the same way as in the case of the marginal setsie. 

Pluricellular glands of pyriform shape occur in the hay of the anal 
cleft. All the cells composing the gland are distinctly defined, and open 
independently to the exterior on a multilocular plate. These glands take 
an auxiliary part in spinning the ovisac. 

Pluric^ular glands, roimd in form and provided with simple lumen, 
lie in the submarginal zone of the ventrum of the insect. The gland is 
ii^e up of three cells, which are displaced to the sides by the accumulation 
cf secretory material in the centre of it. These open to the exterior through 
sunple cirt^ar openings. 
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Phirioelkilar wax-secreting glands, compCNSied of six cells and opening 
through a quinquilocular pore, occur in the stigxnatic grooves. 

Pluricelltilar gkm<^ with tubular ducts are distributed over the whole 
of the ventrum excepting the submarginal and the anal cleft area. This 
t 3 rpe of ffliuid has a reservoir of secretion from which a number of ductules 
arue to form a main duct which leads to the exterior. The cell containing 
t^ reservoir is the largest of all of them. The gland is sup^rted by 
eight or nine non -glandular cells of smaller size in its neck region. The 
changes affecting the structure of this type of gland in the life of the 
insect are also described. 

Flitricellular glands, roimd in form, are distributed on the ventrum, 
excepting in the submarginal zone, the stigniatic grooves, the anal lobes 
and the aiml cleft. The gland of this type is made up of more cells than 
the dorsal pluricellular type of gland. The duct leading to the exterior 
is a small cuticular tube implant^ into the gland. 

Distributed among the foregoing types of glands, but present more 
numerously in a part of the anal lobe, are the elongated pluricellular glands. 
This glcmd has a large central cell in the fundus region, and the duct is 
short, opening to the exterior by means of a single small pore. Some of 
these glands which occur in the posterior half of the body also take part 
in the production of the material for the construction of the ovisac. 

Pluricellular club-shaped wax -glands occur in association with the 
anal ring opening through pores in it. The cells forming the gland are 
distinctly defined and a lumen is recognizable in them. 

Unicellular setigerous glands of an attenuated shape, possessing 
narrow ducts leading to the base of the setae, occur on the dorsum and 
t^ ventrum. 

38. On the origin and the development of the symbiotic organ 

or ‘Mycetom* in the female of Monophlehus quadri-- 
caudatua^ (Homoptera-Coccidae). 

SusAKLA Rammohan Rao, Benares. 

1. The origin of the mycetom has been traced back in development 
to the so-called 'posterior granules* in the newly laid egg. The granules 
occupy a posterior position when the blastoderm is in course of formation. 

2. Some of the cells of the blastoderm sink into the yolk and push 
the darkly staining granules before them. In this way some of the 
granules are engulfed by the secondary yolk cells to form the mycetoblasts.^ 

8. The mycetom consists of a medullary chromophobic portion, a 
chromophilic cortical portion and an investing membrane. The medullary 
chromophobio portion of the mycetom, which stains feebly is formed ffom 
the viteUophagous cells, andt^the covering epithelial membrane which 
enshrouds the whole organ (mycetom) also owes its origin to the same. 

4. The mycetom is at fimt subglobular being attached to the caudal 
end of the embryo in the cuiterior region of the egg. 

6. After the revolution of the embryo, it divides into two halves, 
each moving to one side of the embryo. 

6. Later on these rudiments elongate antero-posteriorly until they 
occupy a good deal of the body on either side of the alimentary canal. 

7. It increases greatly in size from the first larval stage up to the 
adult. The fimction of this organ is probably nutritional, for it dwindles 
in size in a gravid and gestating female, and, finally, ends by being broken 
up into small bits. 

39. The anatomy and the systematic position of Hemimerua 

deceptus Rehn., var. ovatua. 

P. J. Deobas, Bilaspur. 

This work supplied the morphological details of Hemimerua, and 
tries to determine its systematic position, along with an attempt to 
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simplify the classification of Dermaptera* It describes the digestive* 
nervous* respiratory, and reproductive systems in detail. The most 
significemt features are : — the primitive characters of the nervous system, 
and the spiracular openings, and also the presence of a double ejacula* 
tory duct and the opening of the penis. 

After a brief review of the afiinities, the insect is shown to be close 
to the sub-order Forficulina, and an attempt has been made to simplify 
the classification of the order Dennaptera as given by Burr (1915). 


Medical Entomolog^y 

40. Distribution of Anopheles sundaicus Rodenw., by country 
boats. 

P. Sen, Calcutta. 

The paper deals with the transport of Anopheles sundaims by means 
of country boats from its original breeding groxinds in the coastal areas 
near Sundarbans to the environs of Calcutta. Boats coming up the 
different tidal rivers to the outskirts of the city were systematically 
examined during the period July 1933 to December 1934, and over four 
per cent of these crafts were sheltering the species in the cargo enclosed. 
The infected boats have invariab% passed through the Sundmhun zone 
in the south or south-east of the delta. It is believed that the establish- 
ment of the species in the salt lake areas to the immediate east of Calcutta 
has been the outcome of repeated onslaughts of the species carried over 
into the area by country boats passing through Kristopur Canal which 
connects the river Ichhamati with the river Hooghly. Beference has also 
been made of the transport of the species by railway carriages into the 
important railway termini of the city. An excessive increase in the 
population of the species in Simdarban areas owing to the large-scale 
clearance of mangrove forests has probably set up the urge for an active 
dispersal of the species into the areas hitherto imtrodden. 


41. Experimental infection of mosquitoes with malaria in 
Calcutta city. 

B, C. Basu, Mukteswar. 

A total of 6,064 laboratory bred Anopheles stephensi were fed upon 
gametocyte-carriers (PUiamodium falciparum, P. vivax and P, mala/riae) 
and exposed in an air-conditioning cabinet to five different conditions of 
temperature and humidity corresponding to the spring, hot weather, 
monsoon, post -monsoon and cold weather conditions of Calcutta City, and 
the survivors were serially sectioned, stained and examined. The result 
indicates that in the case of P, falciparum the infection rates are lowest 
during the spring and the hot weather, moderate during the rains and 
highest in the post-monsoon months and cold weather. With P, vivax 
the infection rate is heavier in the monsoon and the post -monsoon periods 
than at any other season of the year. The highest infection rate with 
P' mdUuriae is in the post-monsoon months. 

Modem sanitation has very much reduced the amount of malaria 
within the city itself thoiigh the environs are still fairly malarious. In the 
days of Job Chamock, Calcutta suffered from pestilential malaria, and it 
was customary for the then small European population to hold an annual 
dinner at the close of the monsoon to celebrate their survival through 
another malaria season. 

The work was conducted at the Calcutta School of Tropical Medicine 
with a grant from the In^an Besearch Fund Association. 
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42. Preliminary observations on the longevity of AtiopheJea 
adieifaciea under controlled conditions of temperature and 
humidity. 

BAjmnsB Pal, Lahore. 

In this pa^r some preliminary observations have been recorded on 
the longevity of A» ctdic^acies. Female eidults hatched under laboratory 
conditions were subjected after a blood meal to controlled conditions of 
temperature and humidity. 

At 40®0. (104®F.) females do not survive more than 24 hours when the 
humidity ranges from 60-100 per cent. The duration of life is com- 
paratively enhanced when the temperature is lowered. At 66®F. mosquitoes 
could survive for 33 days. Further experiments are being conducted 
imder various temperatures. 


General 

43. Insect associates of the Cashew plant {Anaeardium 

oceidentale) in South India. 

T. V. Ramaebishna Atyab, Madras. 

Though an exotic species the cashew nut plant has gained a strong 
foot-hold in this country, especially along the coastal and submountain 
areas of the H^labar coast from the Cape in the south to almost as far as 
Bombay. Nowadays, there is also a gr^t demand for the nuts from 
outside coimtries and appreciable quantities of this commodity are being 
exported from the different ports of peninsular India. As a consequence 
thousands of acres of waste land which had been left imcultivated till 
recently have been planted up with this tree and year after year new 
areas are planted up. This is a tree which is found to grow fairly quickly 
in almost aU kinds of soils, and in well-drained rain-fed hillsides it begins 
to bear weU and give a good return in about six to eight ^ears. Prospective 
planters of this crop however, do well, if in addition to the attention 
they pay to the various cultural €ispects of the crop, to pay sufficient care 
and precaution to the healthy growth of the tree free from diseases and 
pests to which this crop is frequently subject. In this paper an attempt 
is made to give a brief account of the different insects associated with 
this plemt, their bionomics as far as we know and a few suggestions towards 
their control. 

44. Technique of estimatihg the ^pulation of the Suit fly, 

Acanthiophiliis helianihi Bossi. 

Hbm Singh Pbuthi, New Delhi. 

In estimating the absolute female population of the fruit fly, 
AcarUhiophUtia hdianthi Rossi, a serious pest of saffiower at Delhi, the 
technique employed consisted in collecting fairly large numbers of female 
flies twice a week and liberating them after marking on the thorax with 
some oil paint and counting the recaptures in the collections of the females 
during each of the subsequent weeks. The weekly populations of the fly 
were then estimated from the ratio of flies captured and marked on the 
first date to that of marked emd unmarked flies recaptured in eaoh of the 
subsequent weeks. 

The weekly populations calculated in the above manner indicated 
the density of the fly ranging between 20,000 and 7,69,230 individuals 
from second week of March to second week of April during which period 
the breeding of the fly was most intensive. After the second week of 
April a high rate of mortality, presumably due to the scarcity of the 
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host plcuit buds* resulted in a sharp decline in numbers of the fly* the 
population in the fourth week of April being 39*130* 

Several factors influence the population of the pest* e.g.* the hi^h 
birth rate and rapid death rate* the Chalcidoid parcbsites, Tropidmcma 
sp., and Ormyrua sp., etc. 


45. Lac demonstration campaign in the provinces of Bihar and 

Bengal. 

M. P. Misba, Banchi. 

The paper describes how the demonstration scheme was organized in 
the provinces of Bihar and Bengal in March 1935 by the Indian Lac Cess 
Committee. 

Four demonstrators for Bihar were appointed in December 1935 
and two for Be^al in September 1936. The demonstrators were trained 
by the Officer-in-charge both in the laboratory and the field in general 
entomology and in practical methods of lac cultivation on scientific 
lines. After a training of over a year and a half, the demonstrators 
were posted in September 1937 in different districts. The working 
of the ^st stage of scheme from September 1937 to August 1939 is described 
in detail, and the difficulties encountered in the demonstration work 
are enumerated. 

On the basis of the experience gained, the scheme was revised by the 
Director of the Institute in February 1939, and was approved by the Lac 
Ooas Committee and the Government of India. In September 1989 four 
more demonstrators were appointed for Bihar. The work of the Bihar 
demonstrators is being supervised by the Officer-in-charge Lao 
Demonstration Scheme, and that of the Bengal ones by the District 
Agricultural Officers of the Bengal Government. The supervision in the 
latter case is not as effective as in the first for reasons stated in the body 
of the paper. 

In February 1939 necessity was felt to expand the scheme further. 
The chief feature of this expanded scheme are the free gifts of brood lac 
and pruning instruments to lac growers in selected areas iiA Bihar, the 
object being to gain the confidence of lac growers and to persuade them 
to adopt modified methods of lac cultivation advised by this Institute, 
which they hesitate to take up due to their conservative habits. This is 
being carried out with successful results in an area selected in the Ranchi 
District. Intensive lac demonstration schemes have been drawn up 
and circulated to various Provincial Gk)vernment8 interested in lac cultiva- 
tion for opinion and co-operation. 

46. A method of entomological section- cutting. 

S. K. Sen, Mukteswar. 

Sapre (1940) has described a new technique for cutting serial sections 
of chitinous objects. This involves the use of diaphanol as a ‘softener* 
for the chitin and of dioxan as a dehydrating agent. Diaphanol, however, 
is liable to exercise a destructive effect on the internal tissues, while dioxan 
vapour is known to be toxic for the human subject (Lee, 1937; Oarleton, 
1938). In the present paper, a method is described whereby it is possible 
to obtain fairly satisfactory sections of chitinous objects without having 
to use any of the two reagents mentioned above. The method is briefly 
as follows : The specimen is fixed in Sherlock solution (Eltringham* 1930), 
dehydrated in 60 per cent alcohol and later in solvax (a proprietory 
substitute for dioxan). It is then dealt with by Peterfl’s methyl benzoate 
celloidin method for double-embedding. 
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SECTION OF ANTHROPOLOGY 

President: — Tabak Chandea Das, M.A. 

Somatology 

1. Anthropometry and blood types of the Bangaja Kayasthas 

of Bengal. 

B. N. Basu, Calcutta. 

BaDgaja Elayasthas of Bengcd — their origin as depicted in the Vedas 
and the Pumnas — ^the migration theories of the ethnologists are discussed — 
physical measurements of 100 adult subjects. Stature, Sitting height 
vertex. Relative sitting height, Head length, Head breadth, Oeph^ic 
index, Bizygomatic breath. Facial height. Facial index, Cephalo>facial 
index. Nasal height. Nasal brecMith and Nasal index, and the indices 
calculated therefmm. Observations on the following characters: Hair, 
Eye, Skin -colour. Determination of the Blood Groups and their distribu- 
tion and comparison with other available data. Relation of Blood 
Types to Anthropometric data. Comparison with other racial types. 

2. Anthropometric measurements of ^ukla-Yajurvediya 

MMhyandina Brahmins, 

(Mrs.) Irawati KAEVi:, Poona. 

(The Deccan College Post-graduate and Research Institute has 
undertaken the project of prepcuing a detailed anthropogeography for 
Mahara^tra. For this purpose a survey of the sub-castes of Maharashtra 
is imdertaken. This is the first survey in the above project. A student 
of the Institution is studying the community from the historical and 
ethnc logical point of view. In the meanwhile I undertook an anthropo- 
metrical investigation of the sub-caste.) 

The Sukla-YajurvedTya Brahmins form the majority of Brahmins 
in the Marafhl-speaking population. They are divided into strictly 
endogamous groups according to ^gkhas. Of these the most numerous 
IS the Madhyandma ^akha. The census reports have always grouped 
together all De^stha Brahmins. Whatever the anthropological justifica- 
tion for this procedure, it is entirely, wrong from the point of view of 
social customs. 

I have measured in all about three himdred women (between twenty 
and forty-five) and about six hundred men (between twenty -five and fifty- 
five) belonging to this community. The samples were t^en from nine 
different towns. A numerical presentation of the data will be made later 
as the calculations are being made now. I am giving below a brief 
summary of some of the salient physical peculiarities of the group. The 
people are of middle height possessing uniformly dark, sleek hair and 
brown eyes. Bluish green eyes and curly hair are extremely rare. They 
are broad-headed with very high forehead and the back of j^he head is 
fiattened. The cheek-bones are sometimes prominent, I met with three 
or four mre cases of narrow eyes with the Mongolian fold. This latter 
peculiarity was pronounced in the case of chilchen and very moderate 
in adults. The eyes are generally big and straight. The nose is also 
generally prominent and straight. In some cases the nose bridge was 
so high, that the usual slight ^pression between forehead and nose was 
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almost absent. The skin oolour varied from the lightest of browns to 
very dark. 

3. A further study of the somatometric and somatoscopio 
characters of the Santals 

T. C. Roy-Chaxjdhxtby, Calcutta. 

The present paper is based on the same fifteen absolute mectsure- 
ments and five indices as in my previous paper on the same tribe. 
This paper corroborates what I tentatively suggested elsewhere that the 
Santals are constituted of a short statured, dolichocephalic and chamaer- 
rhine group (the Pre-Dravidian) cmd a medium statured, dolichocephalic 
and mesorrhine group (the Dravidian) to which might be added a third 
element with broad head and leptorrhine nose. 


Anthropo-Biology 

4. Race admixture on the Malabar Coast. 

A. Aiyappan, Madras. 

The history of the small islands of half-breed populations such as 
the Portuguese-Indians at Tangasseri and Anjengo in Travancore is 
described in this paper. The reaction of the parent communities to 
biological admixture is studied in its sociological setting. 

5. On the finger and palmar print of the Indian juvenile 

criminals. 

P. C. Biswas, Calcutta. 

This is a study of one himdred palm and finger prints of 60 delinquent 
boys of the Reformatory and Industrial School at Alipur in Calcutta. 

As a result of my investigation of the finger and palmar prints of 
the above delinquent boys, it appears that there is no marked difference 
in the finger pattern of these delinquents and the normal individual. 

It is very interesting that in the appearance of pattern loop on the 
Hypothenar, Thenar and the three Interdigital areas a considerable 
difference exists on the palm of the criminal and normal Indians. The 
pattern loop occurs in considerably lower number in the above areas of 
the criminal hand than that of the normal individual. In the Main-line 
and Axial-triradius there are no such differences. 

Ethnic Psychology 

6. Certain recent studiep in racial intelligence. 

N. N. Sbn-Gxjpta, Lucknow. 

The paper gives a brief accoimt of the attempts that have been 
made in recent years to estimate the level of intelligence of race-groups 
on the basis of intelligence tests and scholastic data. An attempt is 
made to cmalyse the facts and to bring out their psychological imphoations 
in regard to racial intelligence. The paper concludes that it is not possible 
to define I.Q.-values of specific racial groups. 

7. Earlier and recent studies in racial character. 

N. N. Sen-Gotta, Lucknow. 

Tha paper is a study of several psychological approcudies to the study 
of racial clmracter from the middle and end of ^e nineteenth century 
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to rooont tiznos. ^ It Attonipts to ostiniAto tlio v&luo of tlioso surveys of 
racial character in the light of the present outlook of psychology on this 
question. It concludes that there is no sound psychological foundation 
for racial characterclogy. 


Prehistoric and Protohistoric Archaeology 

8. Prehistoric culture in and about Bengal. 

H. C. Chakladar, Calcutta. 

Besides sporadic find of artifacts in the plains and highlands of 
Bengal, a site abundantly rich in Palaeolithic implements has been 
discovered hardly six miles beyond the Bengal frontier, showing a crowded 
settlement of the men of the Old Stone Age; the numerous tools include 
both flake and core implements like those of the Soan Valley and the 
South resx)eotively. No skeletal remains of Man have been found any- 
where. Protomodem or Modem Man derived from the line 
Pithecanthropub-Wadjak-Solo, or from the Neanderthal-Oromagnon 
transition types of Tabur and Skuhl, as described by Keith, might have 
come to India from two directions. 

Neolithic artifacts aboimd in the same region and some have been 
found in the plains. Shouldered celts found in Assam to the north-east, 
and Dumka-Singhbhum-Mayurbhanj in tlie south-west, of Bengal, show 
the passage through that country of Neolithic culture from Oceania - 
Malay-Burmah to Chota Nagpur, while pigmy flakes and beads show 
contact with the Indus Valley (Sukkur, Rohri. etc.) where the finest tools 
of Neolithic India have been discovered. Other items of the cluster of 
culture complexes marking the same period, such as pottery, agriculture, 
metallurgy, etc., might also have spread from the latter centre of diffusion. 
It is also not improbable that the outward expansion of Indie culture 
towards the Far Orient — ^Further India and the Pacific — as noted by 
Hutton {Assam Origins in relation to Oceania) and Handy (Indian Cultural 
Influence in Oceania) had commenced from Eastern India in the same 
Prehistoric Age. 


9. The age of the boulder-conglomerate beds at Kuliana, 
Mayurbhanj. 

Nibmal Kumar Bose, Calcutta. 

The geology of Kuliana is first described. Primary laterite is overlain 
here by secondary laterite containing numerous tools of palaeolithic type. 
In one locality within Kuliana, a boulder-conglomerate occurs in place 
of the primary laterite. 

The course of the river Burhabalanga and its tributaries is then 
described in relation to the strike and the dip of the cotmtry rook; and 
it is suggested tlwit the boulder bed is the work, not of the Burhabalanga 
itself, but of a tributary stream flowing into it from the neighbourhood 
of Tikaitpur. 

Two more out-crops of similar compact ferruginous conglomerate 
are then referred to. One of them is perhaps post-Miooene as it overlies 
a calcareous clay of Miocene age. The question as tc whether, these are 
of the same age as the boulder -conglomerate of Upper Siwalik times, is 
discussed, and the opinion is expressed that the evidence in hand is too 
meagre for such correlation. Finally, the question of correlation by 
means of the stone implements themselves is discussed, and the conclusion 
is arrived at that, in the present state of our knowledge of the exact date 
of different types of tools, such an attempt would be premature. 



214 


Proc. 28th 1.8.0. : Part III : Abatrada. 


( 4 ) 


10 AnthropomorphosiB in the Indus Valley culture. 

C. B. KbishnamaohabIiXJ, Madras. 

The paper touches upon the wide prevalence of anthropomorphic 
figures in ancient times in Europe, Egypt, Mesopotamia and India (Indus 
Valley) and draws attention to such dgm*es occurring in the Mohenjo-Daxo 
and Harappa relics. The association of some of these figures with the 
be^nnings of piva cult in India and the possible connection of these with 
incidents in oiva’s life are suggested. That an important seal found 
at Mohenjo-Daro is very likely a composite representation of Patafijali 
and Vyaghrapada, the devotees of Siva, is infen^ in the paper. 

11. Anthropological significance of the Aad-dan^a. 

V G. S. Dutt, Calcutta. 

A careful comparison of the relics unearthed from the Mohenjo-daro, 
Harappa and other ancient India Valley sites, e.g. Jhukar, Amri, 
Chan^udaro, etc., with the present-day Bengali folk arts and crafts 
reveal the fact that certain elements of the Indus Valley civilization 
of the Chalcolithic age appear to have continued in an uninterrupted 
succession right down to the present day in the Bengali region in the form 
of beliefs, practices, and traditional cult forms and art forms. One of 
these continuous traditional forms, and the most interesting and important 
of all, is the A ad-dan^ or the metal disc standard used in Bengal nowa- 
days as the standard of authority of the Oazi — the Tigers’ God, as well 
as an architectural emblem on the pinnacles of various Siva and Vishnu 
temples. The striking resemblance of the unique form of this Aad-danda 
with the standard of authority associated with the Urus Bull in the seals 
discovered among the relics of Indus Valley civilization at Mohenjo-daro 
and Harappa as well as the manner of their respective use strongly suggest 
that it is same cult form which has been handed down in an uninterrupted 
succession from the pre-Aryan culture of Indus Valley civilization to the 
folk culture of prosent-day Bengal and that the origin of the Vishnu-cult 
can be traced to the Chalcolithic age of India. 

12. A preliminary note on neolithic typology of Chakra- 

dharpore. 

D. Sen, Calcutta. 

What seems to be a small but surprisingly rich neolithic factory site 
has been discovered in the Sanjai valley near Chakradharpore in the district 
of Singbhum. Hundreds of curteftbots come from this small site which is 
to be shortly excavated. The geology of the site is now being studied 
and unless excavation is carried out, nothing can be said about any 
geological dating at the present stage of preliminary research. 

Culturally, however, the industries seem to mpresent an early 
neolithic stage and typologically they offer interesting studies. The 
celt which is the common tool in the site shows a great variety of forms 
and features and represents nearly all the stages of its manufacture. The 
chipped celt is the most common. There also occur particdly chipped 
and partially ground celts, partially chipped, partially polished celts, 
ground celts, partially ground and partially polished celts and finally 
polished celts — ^the last, however, are few. The amount of preliminary 
chipping left, in examples of partially chipped-partially ground or 
partially polished celts varies a great deal. An examination of the series 
of celts may reveal a course of typological evolution. Besides celts, 
characteristic chisels of great beauty and fine craftsmanship occur. 
Bingston^ and other artefacts also come from this site. Fmm the 
variety forms it may seem that the people were bound to the 
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valley for a considerable tune* How the chisels are genetically or other- 
wise related to the celt family is not yet known and the chisels themselves 
offer interesting typology. 


Ethnography 

13. The aboriginal tribes of Udaipur State. 

M. B. Bhadum, Udaipur. 

Udaipur is a state in the Eastern States Agency with its headquarters 
at Dharamjoygarh. The author, who is a state official, proposes in this 
paper to give an account of the aboriginal tribes living within the state. 
Fifteen such tribes live within the state — ^Kawar, Korwa, Kol, Eharia, 
Gk>nd, Birhor, Bhuinhar, Majhwar, Dhanwar, Ohero, Nagesia, Saonta, 
Sawara, Oraon and Pando which may be distributed amongst three 
linguistic groups — Indo-Aryan, Munda (or Austro- 4siatic) and Dravidian. 
The author discusses the geographical distribution of these tribes, and 
various other connected problems. He also discusses the question of the 
migration of these tribes in recent times within the Chattisgarh States. 

14. The social customs and ceremonies of the Chik Baraiks. 

Arunohandra Ghosh, Calcutta. 

The writer in this paper has dealt with the social customs and 
ceremonies of the Chik Baraiks, a low weaving caste living in the north 
and north-western parts of Ranchi district. 

He has investigated and personally observed the birth, marriage and 
death ceremonies of the caste. 

A detailed description about them is given. He has also described 
how a child is named after the day of birth and also how a sister gets the 
femmine form of the name of her brother. Further detailed description 
of the outcasting ceremony and about the panchayat has also been given. 

15. The eternal triangle in some Marathi folk-songs. 

(Miss) Balubai Saptarshi and (Mrs.) Irawati Karv4, 

Poona. 

A number of Marathi folk-songs bearing on the relations between 
a brother, his wife and the sister have been collected in the Ahmednagar 
District. The folk-songs are translated into English and discussed in 
short in some cases. 

Material Culture and Economic Life 

16. Korku mundas. 

K. P. Chattopadhyay, Calcutta. 

The Horku tomb posts known as mundas, and the cere m o n ial of 
their erection, referred to as sedoli rites, have been briefly described by 
Russell and Hiralal in their work on tribes and castes of the Central 
Provinces. The Gazetteer of the Amraoti District also furnishes certain 
details. The writer of this paper paid a visit in 1938 to eight Korku 
villages in the Melghat forest. Detailed accounts of the riteg of cUsposal 
of the dead and of the erection of the mundas were obtained in four villagest 
ftnd also from an educated Korku in Ohikalda. The sedoli rites are shown 
to be comparable vo the final bone disposal rites of the Santals and Oraons. 
Twenty-seven memorial posts were observed. Their types and certain 
details of carvings are also noted. 
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17. The Maohis of NavBari. ' 

S. T* Moses, Baroda. 

Introduction — ^Fishery Centres — Castes engaged in Fishing — The 
Kolis and early History — ^Evolution of new Suboastes and Castes — ^The 
‘Divine Origm* of Sshemsen: Bagawan’s annoyance with a fish while 
bathing in the Narbada cmd consequent creation of a fisherman from His 
body — Maohis and their sub-divisions : Koli Maohis, Karda Machis, Dhimar 
or Dhebra Machis, Handia Maohis and Girassia Maohis. Handiias were 
forced to cat^ fish for a Bishi who gave them protection when fleeing 
away from Parasurama. The Girassia Maohis claim descent from a 
Mermaid. Kardas so called because law-abiding and paid all taxes (Kar) 
due— Occupations : Agriculture, Manual labour, Carpentry, Poultry- 
keeping, Vegetable selling, Jardoshi work and cottage ma^g besides 
fishing including fishmongering and sailing — ^Fishing gear: nets (stake, 
oast, drift and drag nets)— Special fishing arrangements for Mullets and 
Mudskippers and a device used on the Tapti to entice and collect fish and 
prawns — ^Fishing Holidays — ^Fishing, etc.. Ceremonies — ^Marriage Customs 
— Childbirth, naming ceremonies and names, etc. — ^Funeral Customs — 
Caste Assembly and Communal Administration — ^Religion, omens and 
exorcism — ^Habitations, sanitation and dress — ^Dietary and drink — 
Appearance — Measurements: Heights and Indices, Cranial and Nasal, of 
30 subjects. 

18. Division of labour in economic organization among the 

Rajbai shis or the Parois — a class of fishermen of Jessore, 
Bengal. 

M. N. Basu, Calcutta. 

The Kajbanshis or the Parois — a class of fishermen — live in a village 
named Sitarampur, in the sub-division of Narail in the district of Jessore, 
Bengal. The author of this paper had the privilege of carrying on field 
work in this village in May last. In this paper the author discusses the 
geographical position of the village, and records the results of census 
operations of the village carried out by him and gives the division of 
labour in their economic organization. These he Imd actually observed 
living with them in the same village. 

19. The economic life of the Birjhia Asurs. 

S. B. Dasgupta, Calcutta. 

The Birjhia Abuts are a section of the people generally known as 
Asurs Living on the borders of Chota Nagpore and Palamau districts and 
Surguja State. They had been predominantly a ‘Beonrd* cultivating 
people, the same type of agriculture that is known as *Jhuming ’ in Assam 
area. A section of this people also smelts iron. But owing to extensive 
re8er\>'ation of forest by the Government in the areas where they live, 
the Birjhias have been compelled to give up this type of cultivation. 
Iron-smelting requires charcoal which is m^e by burning trees. But 
as they cannot out down trees according to their needs bemuse of the 
Government restriction, this occupation also is faced with great dif6ioulties. 
Moreover, the indigenous iron cannot compete with the price and quality 
of the imported iron. Hence this occupation may also be totally given 
up in time. people at present are fastly adopting plough cultivation. 
But as the Birjhias have made the hills and forest their home so long, 
they are at great difficulty in finding out ploughable and productive lands. 
In spite of hard labour and fhigal habits they cannot make both ends 
meet at all times during the year. Hunting and collection of edible 
roots, tutors, flowers and leaves edso constitute other important economic 
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piirsuitB next to agriculture. At times when such collected crops as 
MahuH flowers fail they are faced with utter starvation. £xoc^ to 
tea gardens takes place during this time. In recent years the demands 
from tea gardens are also not encouraging. Under the circumstances 
unless they can get better cultivable fields or unless they are utilized in 
some other occupation, this already dying people may be altogether 
extinct in no distant future. 

20. The Kljiasi huts of Mawphlang. 

Ram Ktushna Mukhebjee and Bam Chaedba Bash, Calcutta. 

The structure of the Khasi huts of Mawphlang was studied by the 
writers under the guidance of Prof. K. P. C^ttopadhyay. Gurdon in 
his work on the !EUiasis of Assam has described the old Khasi hut as 
elliptical in shape, but in Mawphlang village it was found that the huts 
can be more strictly said to be ‘U ‘-shaped, the bend of the *U‘ being 
the front, the two parallel arms the sides, and a straight line connecting 
the two ends of the arms the rear. The old houses had walls made of 
bamboo and wood, or stone and wood, and a thatched roof. The house 
types are now changing both in structure and material. 

Prom a study of all the huts of the village it was found that out of 
160 huts, inhabited at present, the typical ‘U’ type of huts form about 
11 ‘3%; the flattened ‘U* type about 36-%; the intermediate type, which 
has totally given up the ’-shaped ground plan but has its interior of the 
old type, about 27*6%; and the J^glish bungalow type about 26*3%. 
This data show^ how rapidly the old type of Khasi house is now changing. 

21. Tattooing among the Oraons of Marwai, District Ranchi. 

Tabun Chandba Bagohi, Calcutta. 

The writer in this paper has described the actual process of tattooing 
adopted by the Oraons of Marwai, District Ranchi. He personally 
observed how an young Oraon girl of thirteen was tattooed by a Nagesia 
Kisan woman of the locality. The process along with the materials 
and instruments are described. Sketches of designs executed on the 
different parts of the body are also given. 

22. Cleaning, preservation and repairing of glass objects in 

Museum. 

M. N. Basu, Calcutta. 

Chemical composition — Processes of cleaning, preservation and 
repairing of glass are discussed in this paper. Sweating of glass imd 
diseased condition of glass, and the methods of cleaning and preservation 
under this condition are also dealt with. 


Society 

23. Kinship system and kinship usages in Mahara^tra. 

(Mbs.) Ibawati KABvi;, Poona. 

M&r&tha kinship terminology is very rich and varied as it uses the 
concepts €md terms of Sanskritic as well as Dravidian origin. It has 
terms for four ascendant generations cmd four descendant generations 
in the direct male line, the fourth term suggesting the severance of kinship. 
Amoi^ collaterals the concept of cousinship is absent as in all Indian 
kinship systems. The parallel cousins are called Gesohwister and the 
cross cousins ’Mehupe*, i.e. marriage mates. Among descendants, there 
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are sons and daughters. In this category are reckoned, besides own 
children, those of the brother (man speaking) and those of the sister 
(woman speaking). The non-sons and non-daughters are the children 
of the sister (man speaking) and the brother (woman speaking). The 
words for sister’s husband and wife’s brother are the same; similarly, 
those for husband^s sister and brother’s wife are also the same. There 
are many pairs of relations having the scune term. The principle of 
reciprocity and difference of terms used according to the juniority or 
seniority of the speaker are also found. 

Some very interesting conclusions can be drawn from the conformity 
or otherwise of different castes to this kinship pattern. This pattern is 
not the 83nnbol so much of moiety and clan organization as of families 
which have been practising in-breeding for generations. The M&ra^a 
kinship pattern belongs to the southern pattern and yet in some 
important features it is quite distinct. 


24. Elhasi kinship and social organization. 

K. P. Ghattopadhyay, Calcutta. 

In a paper on Khasi marriage rules Prof. Hodson has tried to explain 
the special features of the Khasi kinship terms and marriage rules on 
the hypothesis of a former dual division of Khasi society, and certain 
new social forces which came into operation when the dual society broke tip. 

Hodson used for his work, the kinship terms noted in the Assam 
Census Report, Gurdon’s work on Khasis and a dictionary by U. Nissorsing. 
A full list of Khasi kinship terms was published by Rai Bahadur S. 0. Roy 
shortly afterwards. The writer of this note collected certain additional 
details regarding Khasi social rules in a recent tour in Khasi Hills, and 
collected kinship terms afresh, on the genealogical method, to check the 
list published by Rai Bahadur S. C. Roy. 

Khasi kinship terms show that the father’s brothers, the mother’s 
sister’s husband and the father are referred to by the same term, along 
with certain qualifying words denoting seniority and juniority. A 
similar grouping is found in the case of the mother, the mother’s sisters 
and the wives of the father’s brothers. These and similar other features 
of Khasi society are cuscribed by Hodson to a previous dual basis of 
Khasi society. The present writer shows that these features are aU 
explained by the fact that the fundamental social unit among Khasis is 
the family house and the extended family associated with it; the kur 
represents a later stage in its expansion. Marriage sets up new relations, 
but does not disturb this basic structure of Khasi society. 

The kinship groupings are woyi^ked out in detail and shown to have 
been influenoed by (a) residence, (&) inheritance, and (c) succession to 
rank as well as authority. Marriage rules have also had their share of 
influence on the terminology, but they have played a less important part, 
than the other factors taken together. 


26. The Garo Law of Inberitance. 

J. K. Bose, Calcutta. 

According to the Qaro Law of Inheritance after the death of a woman 
the property goes to the privileged daughter known as nohna. In the 
absence of a daughter, a womcm can adopt a daughter of her sisters or 
a girl from her machong to become her nokna. In the case of a childless 
woman who has not adopted any girl, her property will be equally shared 
by her sisters who are married in the father’s machong. In the absence 
of all these ^he property is inherited by the nearest woman relation of her 
machong. 
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26, Incest and its control among the Kurichiyans of Wynad. 

* A. Aiyappan, Madras. 

The incidence of incest is relatively high among the Kurichiyans 
who are othertvise an extremely well-ordered group, Tn this paper the 
operation of social and religious sanctions against incest and their failure 
due to the safety-valve provided by Christian missions are described, 
with illusiirative data collected by the writer during the course of his 
field work. 


27, The Indian cowherd god, 

Nanimadhab Chaudhubi, Calcutta, 

A re-examination of the position of CoplUa-Kp^na or the Indian 
cowherd god, in the light of certain facts which have not received adequate 
consideration, shows that the view that he was an independent deity of 
Christian origin brought from outside India by the Abhiras or that he 
was the same as Vasudeva-Kr^na, the pastoral associations being borrowed 
from an older tradition and developed by the Abhiras, is untenable. 
The doubt suggested about the identity of epic and cowherd 

Ki^na by the ‘incongruity* in their traditional history of is 

confirmed by the almost complete silence in the epic about cowherd 
Kirsna and by the mention of the hostility of the Abhiras to the house of 
Kf 9 pa-Vasudeva in the episode of the kidnapping of many of the Vp^ni 
ladies when they were being escorted by Arjuna from Dvaraka to 
Indraprastha. The inference drawn from these facts is that cowherd 
Ki^fna was an independent deity of Abhira origin. 

Then there is the story in nearly all the Vishnuite Puranas of cow -herd 
Kf$na*s opposition to the celebration of Indra*s festival with graphic 
accounts in the Vifnu Purana, Harivamiaip, etc., of the propagation by 
him of a primitive type of nature and animal worship among the Gopas, 
the assertion made by him that this religion was in accordance with their 
life of forest-dwellers and the threat of violence held out to them in case 
of refusal to return to this religion, wnich show him in the r61e of the 
tribal chief of the Abhiras who resented the increasing influence of 
Brahmanism on his people and stoutly defended the old tribal religion. 
The inference drawn from the above is that GopSla-Kr^na was a tribal 
hero of the Abhiras. 

After his deification and absorption into the Hindu pantheon GopSla- 
in his two aspects of child-god and lover-god, has conae to oust 
epic and Vi^nu in some measure, from actual worship among 

people, as many of the Vai^nava festivals show. 

28. Some cure deities. 

Nanimadhab Chaudhuki, Calcutta. 

Beliefs in divine agency and magical agency of cure have prevailed 
side by side from the earliest times, and scientific progress has not banished 
these beliefs. The divine agency operates directly when deities wii/h 
healing powers are invoked to intervene personally, or indirectly, through 
secondary divine agencies, that is, objects whi^ derive their potency 
from divinity through intimate association or tranami ssion. The paper 
deals with a number of instances of direct appeal to deities for cure purposes 
among Hindus, Hinduised tribes and tribal peoples. ♦ 

Examination of instances selected fiK>m all pcurts of India show: 
(1) that three cfasses of deities cure worshipped tor cure, namely, old 
Brahmanical deities, e.g. Budra-oiva and the Devi in the form of Kfil!, 
local deities affilied»ed to them, e.g. IJlai-Oa];L^, Biranath, etc., and pur^y 
folk deities, e.g. Ghentu, Vasana-Varl, etc.; (2) that throughout India 
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female deities are worshipped in epidemic outbreaks of cholera and small- 
pox; (3) that in case of other diseases too, female cure deities predominate 
both in number and importenoe over male cure deities; (4) and that 
there is general tendency among all classes of devotees to affiliate different 
classes of female cure deities to the Dev! or her Puranik demoniacal form 
Kfih. 

This examination further shows that there are two contradictory 
elements in the conception of female cure deities identified with Kfill, 
an element of fear based on their destructive power and an element of 
faith based on their beneficent power. This dual aspect may be traced 
to the old Vedio conception of Rudra who is the giver as well as the curer 
of disease. 



SECTION OF 

MEDICAL AND VETERINARY RESEARCH 

Pre^idenii—K. C. Ukil, M.B., M.S.P.E,, P.S.M.F.B., F.N.I. 
A. MEDICAL RESEARCH 


Medicine and Public Health 

1. Weil’s disease in Calcutta. 

M. N. Db, Calcutta. 

This disease is becoming increasingly common in Calcutta. During 
the last three years the writer had under his care 18 cases, 3 in 1938, 
5 in 1939 and 10 up tiQ now in 1940. Most of the cases come from the 
old congested and unhygienic parts of the city. The disease is usually 
ushered in with acute onset of high fever, chill and rigor and severe 
agonizing pain in the head, body and legs. Some get nausea and vomiting 
and their eyes become acutely congested. The fever usually lasts for three 
to four days, sometimes a week. The most characteristic feature is the 
appearance of varying degrees of jaimdice after the temperature drops 
to normal. Leucocytosis with high polynucleosis and evidences of 
damage to the liver and kidneys are very constant findings. In severely 
infected cases blood urea and N.P.N. may be very high and the signs 
and symptoms of renal failure are very acute. Death takes place from 
uraemia in the second week. In favourable cases which recover prostration 
IS very marked and prolonged and the jaundice may persist for months. 
Bacteriological confirmations of the cases under review were made by 
Professor B. M. Das Gupta of the School of Tropical Medicme, Calcutta. 

2. Seasonal variation in the incidence of filarial lymphangitis. 

S. Stjndar Rao and P. V. StJKHATMB, Calcutta. 

Statistical analysis of the variation in monthly admissions of patients, 
new and old, at the filariasis clinic of the Calcutta School of Tropical 
Medicine, during the period from 1929-38 is carried out with the object 
of defining precisely the nature of the periodical movement recurring 
year after year in the incidence of filarial lymphangitis. The analysis 
of 11,108 oases shows that the monthly incidence during the monsoon 
period from July to September when the humidity is high and the 
temperature is optimum, is 40% higher than in the winter period 
from October to February. The period from March to Jime shows an 
incidence slightly higher than the average giving an appearance of a 
prelude to the monsoon period of the highest incidence. 

3. Further observations on tuberculosis in relation ta industry. 

A, C. Ukil, P. K. Sen, and M. Bosk, Calcutta. 
(TvbercvloaiB Enquiry^ Indian Research Fund Association,) 

A serial survey of all the available workers of a jute mill was 
'^ertaken and finished. 4,816 workers were physically examined and 
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tuberculin tested* Oomplete industrial and previous histories were 
collected. Those workers showing suspicious signs or BjnnptomB or high 
tuberculin reactions were X-rayed. 

82*4% of the workers were tuberculin positive showing a very high 
infection rate. 

Among those earmarked for X-ray: 102 clinically suspected, 32 
with bronchitis and 639 strong and moderately strong tuberculin reactors 
have been radiologioally examined. 

Of the 773 workers X-rayed, 70 or 9-06% showed * definite* and 43 
or 6*6% showed ‘probable’ evidences of active tuberculosis: the total 
being 14-66%. 


4. A neuro-abdominal syndrome—^ new complex of symptoms 

connected with chionic mucous colitis. 

H. M. Sblzbb, Lahore. 

The author describes a new s 3 mdrome in Indian male patients of 
all ages and races, consisting of a typical mucous colitis, cholecystitis 
and a spinal muscular atrophy of the type Aran-Duchenne. Some of 
the patients show a relative lymphocytosis, all present a slight damage 
of the liver-tissue (Takata-Ara-Test positive). All other laboratory 
examinations are negative. The author does not bring forward any 
definite explanation of this syndrome, but ventures the h 3 rpothe 8 is that 
toxins elinunated from the colon are brought via the blood vessels to the 
liver, concentrated in and so damaging the gall-bladder and then filing 
mainly in the anterior horn cells of the cervical segments, which are 
phylogenetically the better difierentiated and youngest ones of the 
spinal cord, and sometimes even attacking certain bulbar centres. Another 
hypothesis could be that the toxins are produced primarily in the liver 
cells. Further work by a greater number of clinical workers with more 
materials is needed to clear this syndrome, which might bring us the 
contribution to the knowledge of the pathogenetic factors underlying the 
three pathological entities representing this neuro-abdominal synmome. 

5. Hysteria — a clinical study of 160 cases. 

Nagendra Nath Db, Calcutta. 

The material for study w€w from the Psychological Out-patients* Dept, 
of the Carmichael Medical College Hospitals run by the TnrfifLn Association 
for Mental Hygiene during 1933-1940. Of 1,177 total mental cases, 
160 or 13-6% were hysteria. I^les were more than double of females. 
Age incidence varies in different sexes and in different countries. 
Childlessness predii^TOs to the disease in both sexes. Heredity plays 
an unportant but indirect rdle. Precipitating factors are important in 
oases of anxiety hysteria but not so much in conversion hysteria. 
Proportion of these two types was 101 : 68. 

Symptoms differ somewhat from text-book patterns in quality and 
in frequency. Closer relations with schizophrenia and paranoia are 
observed than are usually thought. 


6. Incidence of lead poisoning among Hindu women. 

K. N. Bagohi, Calcutta. 

CSam of lead poisoning are occasionally noticed among the solderers 
printing press and t 3 rpe foundry employees in this country. So 
fay Viiy few oases Of lead poisoning have been recorded among women on 
ao4ol|ll§ of the fact that there are no women employees in the printing 
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press, type foundries and other industries in which people are exposed 
to lead. 

In connection with an investigation on lead in human tissues it was 
discovered that hair of Bengalee married Hindu women is very rich in 
lead — as much as 608 mg. of lead per kilo could be detected in hair 
(Bagchi et 1939). The source of lead was traced to cheaper qualities 
of vermilion containing red lead used by married women. 

Mild forms of lead intoxication showing signs and symptoms of gastro- 
intestinal disorders are usually diagnosed as dyspepsia. In some cases 
the early signs are lassitude, sleepiness and a general disinclination for 
effort without any of the usual signs of plumbism (Monier-Williams, 
1938), and they are overlooked or ascribed to more common ailments. 
In certain cases anomalous nervous symptoms develop which are not 
accounted for. These signs and symptoms may remain dormant and 
unsuspected imtil stirred up into activity by starvation, medication, 
acute infections or an alteration in metabolic process. Cases of sterility 
and frequent miscarriages in women are always ascribed to specific 
infection or displacement of the uterus even when they are not confirmed 
by actual examination or blood tests. Lately many such cases are 
ascribed to vitfiunin E deficiency but the possibility of plumbism is never 
thought of. 

In women giving large quantities of lead in their hair (Bagchi et 
Ind, Jour. Med. Bea,, 1940), the faeces and urine gave also high lead 
f^gi^res — about 10 times the normal. This finding indicates that absorp- 
tion of lead takes place through the scalp where vermilion is applied to the 
hair-parting. Daily absorption of lead m minute doses produces a mild 
insidious type of poisoning which differs widely from the classical type 
with the text-book symptoms (Porritt. Brit. Med. Joum., 1931). 

It is believed that women are more susceptible to the action of lead 
although this view is not shared by the Gorman writers. All, however, 
agree that in women lead poisoning assumes a more severe form than in 
men. Menstrual troubles are very frequent both in insidious and classical 
types of lead poisoning (Occupation and Health. Published by the 
International Labour Office of the League of Nations, Geneva, 1934). 
Mother, suffering from lead poisoning, transmits lead to her suckling bab^v 
through the milk and a slow poisoning in the child may be set up (loc. cit.). 

The medical profession in India should take note of these facts and 
remember the possibility of plumbism when dealing with cases of dyspepsia, 
nervous disorders, avitaminosis, menstrual troubles, abortions, etc. 

Even in classical type of plmnbism, punctate basophilia are seldom 
found in this country. Blue line on the gums is frequently associated 
with pyorrhoea and gingivitis especially in dark people and hence one 
should not depend on these signs in diagnosing lead poisoning. Careful 
determination of lead in the faeces by the latest semi-micro methods of 
analysis, may indicate the actual state of things. The physician should 
remember that lead absorption does not always mean lead intoxication. 
* The mistakes in the diagnosis of lead poisoning are often due to not 
expecting it.’ 


7. Comfort in class rooms and laboratories. 

D. V. SuBBA Reddy, Vizagapatam. 

On 20-3-1940, all the fans in a big room in the Medical College stopped 
suddenly while the students were answering examination pa^rs. The 
day was not hot, the dry bulb temperature inside the haU being only 
86®F. and wet bulb 78®F. As soon as the fans stopped, the students 
begem, to complain of increasing discomfort and stuffiness in the room. 
Within fifteen minutes, the complaints became less nwerous and 
less frequent. Those who were unable to proceed with the work 
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reooxmnenoed answering papers. After another 15 minutes, the fans 
began to work. The relief was evident in the faces and in the increased 
effort and output. 

In the course of the next hour, the same cycle of events repeated 
itself. Elata^hermometer was available only when the fans recommenced 
to work after the second interval. Readings were taken at different 
parts of the haU and the subjective sensations of the students were 
correlated to the Kata-readings. 

Two points were brought out by the observations: — 

1. It is not so much the alteration in the environment of the 

room as the abruptness of the change that determines the 
degree of the subjective symptoms and feeling of stuffiness. 

2. A dry Kata cooling power of 3*55 (noted imder the fan when 

the fans were working) seemed to afford a satisfactory 
degree of comfort, though the environmental temperature 
was 86°F. This was probably due to the sudden increase 
in the movement of the air following a period of stagnation 
of air. 


8. Bodily sensations and sudden changes in environmental 
temperature. 

D. V. SxjBBA Reddy, Vizagapatam. 

A dry bulb temperature of about 100°r. and hot winds are not usual 
at Vizagapatam in April. On 1-4-1940, from about 9 a.m, hot winds 
began to blow from a westerly direction (from landward). In the evening, 
the temperature was still high, though the hot winds abated. Meteoro- 
logical report for the day gave the maximum as 97 ®F. The temperature 
was higher on the western slope of the town which bore the bnmt of the 
hot winds, while the Observatory recorded only their effect on the air 
beyond the fringe of hot winds. 

The inhabitants and workers experienced a moderate degree of 
discomfort, lassitude and even prostration particularly those who were 
exposed to hot winds. If the temperature of the air had risen gradually 
or in stages, effecting the same rise in a few days instead of by an abrupt 
elevation, the identical environment would not have produced the same 
degree of discomfort and severity of symptoms. 

Apart from the abruptness of the change, it is also probable that the 
permanent residents of Vizag who have acquired a certain degree of equi- 
librium with the equable climate of Vizag also have a partial inability 
to rapidly adjust themselves to wide variations in temperature. It is 
suggested that the rate of change of the environmental temperature and 
the previous thermo -regulatory adaptations determine the capacity of 
individuals to withstand a rise of 10®F. or more, in the environmental 
temperature. 


9. Further notes on the distribution of the freshwater fishes 
of Dharwar and surrounding districts. 

P. W. Gedbon, Dharwar. 

This paper is a cotinuation of the work communicated to the Twenty- 
fourth Se^on of the Indian Science Oongress and later published in the 
TeooroB of the li^fijilana Survey of India. 

A feW more gsum and species have been added including a number 
from Portuguese India. 
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10. B:g>mments in the control of goineawonu infection in 

ste^-wells by means of larvivorons fish, Ba^iora do»*- 
eonitu, and chlorogen. 

P. W. Gideon, Dharwar. 

While experiments in the control of gnineaworm have been conducted 
in many parts of India, by veudous larvivorous fish singly or in combination 
with others, this pa^r is ooncemed with the control of guineaworm by 
TnaftTM of one fish, .Hus&ofci dan/ioofWMf which is found in large numbers 
in efimost all local tanks. 

Observations on the value of chlorogen cm an aid to fish control is 
also mentioned. 

1 1 . Coronary ooolusion without thrombosis and its prophylaxis . 

J. N. Maitba, Calcutta. 

Oases of sudden death occur in Bengal as in other parts of the world. 
Persons in apparently good health with complaints of minor ailments 
die suddenly and on post-mortem examination a big heart with coronary 
arteries occluded has been the finding. Careful examination of these oases 
with the aid of modem scientific methods may reveal the actual condition. 
We can early diagnose these oases and inorectse their longevity. 

On the autopsy table, oases of sudden death suspected to be of 
medico-legal origin reveal^ invariably an enlargement of the heart. 
The hypertrophy was so great that the weight reached 20 ounces (normal 
6 to 7 oz.) with coronary arteries occlud^. Far advanced oases with 
chronic and sub-acute pain of varying duration (months and years) 
have been known to have died on the examination table. 

Attention of the profession has been drawn to conditions necessitate 
thorough investigation of the cardio -vascular system. Progressive 
occlusion of coronary art^ies may easily be managed by suitable 
treatment with breathing exercise (like Pranayam) after excluding the 
extracardiac affections. 

In apparently healthy persons of good physique with vague pain and 
sub-€tcute discomfort in the chest, the condition of coronary arteries 
should be recognized and sudden death may be averted. 

12. Radlologioal appearances of osteoartioular lesions in leprosy 

studied through radiology. 

Mabio Soabbs da Vbioa, Nova-Qda. 

The author having taken at Macasana Leprossuium of Portuguese 
India, roentgenograms of the hands and feet, of hundred in-patients with 
several cliniccQ forms and at different stages of evolution, the classification 
of which he gives, arrives to the following general conclusions 

Osteoartioular lesions were seen in 98 per c^t of the oases. 

The lesions are characterized by : — 

(u) Their appearance in the extremities of the hands and feet. 

(6) The pathological process is essentially destructive and character- 
ized by osteoporosis, rare^tion. 

(c) This change is found under three fundamental tjrpes: Localized 
osteoporosis, leprous osteitis and widespread destructions leading to 
mutilations. Praotioallv several combinations of these main » types are 
found. 

(d) The localized destruction of somewhat roundish type, the single and 
J^dultiple cysts of Jungling*s type and the forms— these are more rare— of 
Schurer- Waldhien’s t3q>e were found generally in csMes with cutaneous 
involvement and slight changes of nnrvous system. 

15 
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(e) The widespread osteocurtioular destructions leading to mutilations 
are seen in advanoM oases* 

(/) As regards the genesis of these osteoartioular changes, the author 
combining radiological signs with the clinical fbidings states: — 

1* The rarefying osteopoibsis is the result of localized infection 
developed through the vessels. 

2* The osteoarticular ohcmges of neurodistrophic type are the 
result of the specific involvement of the nervous system and 
are revealed by destruction of the bones, multiple osteoporosis 
and mutilations, sometimes 83nnmetricals. 

(gr) The intensity of the destructive process in the feet does not appear 
to be due to merely mechanical causes but rather to specific selectivity of 
the pathologic process. 

(h) The quantity and extension of the osteoartioular lesions increase 
in pro^rtion to the age of the disease, being also, more frequent in the 
nervous forms. 

The author makes difierentied diagnosis of the leprous radiological 
lesions from the lesions foimd in Baynaud's disease, tuberculous osteitis, 
syphilis, cocidiosis, sclerodactylia, solerodermia, Bosnier-Boek’s disease, 
lupus pemicous, syringomyelia, tabes and certcun forms of osteolyse. 


Pathology, Microbiology and Parasitology 

13. Weil’s disease. 

A. K. Sbn and A. K. Hazba, Calcutta. 

1. BQstorioal — 

(a) Clinical Symptom Complex. (6) Identification of the causative 
micro-organism — ^its position in bacterial world, (o) In 
India — (i) Clinical, (ii) Isolation of the causative organism. 

2. Bacteriological study — 

(a) Media and culture. (6) Peculiarities. 

3. Selection of 'Strains’ for pxirposes of production of specific anti -sera. 

4. Anti-sera — 

(a) Historical, (b) Special reference to our anti-sera. 

5. Standardization. 

6. Cliniced use — 

(a) Curative. (6) Prophylactic. 

7. Short survey of methods of diagnosis of Weil’s disea43e— - 

(a) Cultural, (b) Serological, (c) Experimental, (d) Difficulties 
of early diagnosis. 

8. Conclusion — 

(a) Qeneral. {b) Clmioal Survey, (o) Epidemiological, (d) Vaccine 
prophylaxis. 

14. A simple serological test for hepatic cirrhosis. 

M. Nabayaka Pai, Guindy (Madras). 

This test, known as the Takata-Ara Beaotion, has been done on 51 
oases of Hepatic cirrhosis in South India. It was fo\md positive in 47 
oases negative in 4. In other ccises of hepatic insufficiency, such as 
I5B 
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acute yellow atrophy, ohronio venous congestion of the liver and infantile 
biliary drrhosis, the test was positive. In a series of 66 control oases it 
was found uniformly negative except when hepatic insufficiency was 
co-existent. 


16. The r61e of chronic dysentery in the etiology of portal 
cirrhosis in South India. 

M. Nabayana Pai, Guindy (Madras). 

One hundred and ninety-four oases of portal cirrhosis were investigated 
in the Raja Mirasdar Hospital, Tanjore, during three years, 1936 to 1937. 
Sixty-four of these oases gave a definite history of dysentery prior to onset of 
ascites. Eleven oases deiued a history of dysentery. Jn the remaining 119 
cases, there was no definite record of the presence or absence of a history 
of dysentery in the clinical notes. 

Forty -three oases of portal cirrhosis, from various hospitals in the city 
of Madras and in the mofussil, were serologically examined for agglutination 
against B. Flexner and B. Shiga. Blood sera or ascitic fluids of 21 cases 
agglutinated B. Flexner in a titre of 1 in 26 to 1 in 200. Sera of 8 cases 
agglutinated B. Shiga in a titre of 1 in 26 to 1 in 200. Sera of 21 
cases did not agglutinate either organism. 

In a series of 22 control cases, the serum of only one case agglutinated B. 
Flexner in a titre of 1 in 60. Sera of the other 21 ccuses did not agglutinate 
either B. Flexner or B. Shiga. 

16. Pulmonary oedema in cholera. 

D. N. Bakbbjbh, Calcutta. 

Pulmonary oedema is one of the most dangerous and frequent 
complications of cholera, being responsible for a large number of deaths. 
In spite of gross renal failure in cholera no oedema in any part of the 
body ever takes place either during the course of the disease or during 
convalescence. Oedema of the lung is the only exception and that 
invariably takes place during the active stage of the disease. It is 
generally associated with vasomotor failure. In a series of 26 cases of 
cholera showing oedema of Ixings clinically, 22 cases showed marked involve- 
ment of the air spaces being filled up with eosinophilic homogeneous 
albuminoid material containing few cells. Red blood cells are the only 
ty^s of cells foimd. All the blood vessels, especially the alveolar capil- 
laries, are greatly engorged. The pathogenesis of this condition is discussed 
in which particular stress has been given on the condition of shook, vaso- 
motor failure and increased permeability of the vessels. A note of warning 
is given regarding the treatment of this condition particularly in the 
use of adrenalin, hypertonic glucose and calcium chloride. 

17. Mechanism of renal failure in cholera. 

D. N. Banbejbb, Calcutta. 

Renal failure and the vasomotor failure are the two most important 
problems in cholera. In fact, these are the chief causes of death in the 
cholera hospital in the present day as no case is allowed to die of loss of 
fluid. Oliguria from the beginning progressing to anuria with progressive 
increase in urea, N.P.N. and other metabolites in the blood ultimately 
leading to death from symptoms of uraemia forms the usual pidtum. It 
has been repeatedly shown by us that the structural changes in the 
glomerulus and the tubules are characteristioally insignificemt wlule 
the renal vascular changes contribute by themselves a great abnormality 
in the renal function. The capillary reaction in the kidney forms a 
part of the general vascular reaction of the whole body. 
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The xneohanism of Tenal failure in cholera is shown to be in the form 
of a vicious cycle with cholera toxin leading to increased penneability 
of the capillaries — aV>ny of the capillaries — ^loss of fluid resulting in 
haemoconoentration and hj^ohloraemia — ^reduced effective blood volume 
resulting in capillary stasis, mil of blood pressure, retention of metabolites — 
tissue anoxia — atony of t^ capillaries starting the vicious cycle anew. 

The renal failure in cholera is thus extrarenal in nature. 


18. The scope and need for paleopathology in India. 

D. V. S. Rbddy, Vizagapatam. 

Paleopathology is the term introduced by Buffer to describe ancient 
evidences of dise^. The range of geological and prehistoric periods 
for which our only meems of understanding the t3rpes of diseases of those 
times is pedeopathology. 

Materials and methods of study. Cultural £uid practical uses of the 
study. 

Elnowledge and co-operation of a variety of professions and experts 
required. The geologist, the paleontologist, the anthropologist, the 
archaeologist and the medical man have all their different rdles to play. 

Beview of the important studies on the injuries and diseases of 
’fossil men*. Surgery of the paleolithic and neolithic races. Data 
coUeoted by the study of the human remains of the ancient civilizations 
particularly those from Egypt. A list of diseases of ancient Egyptians. 
No convincing proof of the existence of syphilis, tuberculosis and rickets. 
Surgery among ancient Egyptians. Diseases of ancient Iranians. 
Be^arches on the diseases of ancient Peruvians and of the pre-Columbian 
North American Indians. Trephining was a common surgical procedure 
among ancient Peruvians. Evidences from skull bones indicate the 
existence of syphilis in pre-Columbian America. 

Indian civuization, as revealed in recent excavations, stretches back 
to third or fourth millennium B.C. and is coeval with, if not anterior to, 
the Egyptiem and the Sumerian civilizations. Our only sources for the 
study of history of medicine in prehistoric India have been the Vedas 
about whose date of composition there is wide divergence of opinion. 
The ever-increasing number of archaeological finds from various localities, 
in India require to be studied more carefully. They may throw new 
light on the injuries and diseases as well as the beliefs cuid practices of 
the inhabitants of the Indus valley and other ancient sites. 

A tabular statement showing the site of discovery, the date of the 
material according to archaeologists and the number and nature of skeletal 
remains. Photographs and brief descriptions. The available data or 
reports on the evidences indicating injuries and diseases in the disposition, 
gross appearance and in the skeletal finds are very scattered and scanty. 
No att^pts seem to have been made to have the human remains examined 
microscopically, chemically or radiologically. It is hoped that the 
archaeological department will soon make arrangements to give full 
facilities for the examination of the rare and valuable finds preserved 
in the various museums in India. 

1 9. Some anomalies of Widal reaction and the value of different 

laboratory investigations in the diagnosis of enteric 
fevers. 

PuBNBNDn Kumab Chattbbjbb, Calcutta. 

In a large percentage of oases treated at the Calcutta Medical College 
Hospitals, the Widal reaction was negative even on repeated examinations. 
Diagnosis in these cases was confirmed by positive blood or stool cultures 
in some cases, in others only on clinical grounds. 
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In another larger group of oaeee agglutination to H antigen was only 
positive# that to O remaining negative even on repeated examinations. 
Diagnosis in these were confirmed by positive blood or stool cultures or 
rising titre of H! agglutination and in others on clinical grounds. Similarly 
in another smaU group O agglutination was only positive, that to H 
remaining negative. Di most of these 0€ises blood otdtuies were positive. 

Amongst other anomaUes: in one group there was a progressive 
diminution of titre in cases in which diagnosis was confirmed by positive 
blood or stool culture. In a smaller group agglutination to H or O or 
both antigens of one bacillus wets positive, blo^ culture showing another 
bacillus. 

Incidence of positive results of blood, stool and urine culture at 
different periods of the disease is tabulated and their value in diagnosis 
discussed. 

Changes in total and differential counts of W.B.C. are tabulated and 
discussed. The paper gives an analysis of about 500 cases. 


20. Chemical studies on the Aronson culture medium for cholera 
organisms. 

E. K. Narayanan, Calcutta. 

Among the culture media that are being used in bacteriological work 
there are some which await a chemical explauxation of the part played 
by their ingredients. An example is the Aronson medium in which sodium 
sulphite and basic fuchsin are ingredients whose functions do not seem 
to have been elucidated. Being faced with the problem of improving 
this medium with respect to these ingredients, a preliminary knowledge 
of the r61e of these substances was found to be necessary and results so 
far obtained show that the production of red cholera colonies on this 
medium is due to acetald^yde which is an intermediary in the 
carbohydrate metabolism of this organism. The function of the sulphite 
appears therefore to be two -fold, viz. 

(а) to reduce the dye to its colourless leucobese during the making 

of the medixim, and 

(б) to act as a fixative for the aldehyde produced by the organism 

when it is cultured. 

The accumulating aldehyde which is most abundant nearest the colonies 
acts on the colourless leucobcm of the dye giving the characteristic red 
colouration. The dye m this case does not seem to be a stimulant for 
the bacteria as certain other dyes are supposed to be in particular cases. 

A certain optimum proportion of the sulphite should be introduced 
into the medium as, for one thing sulphite inhibits the growth of the 
organisms, eund secondly, in large quantities, it inhibits the reproduction 
of the red dye by the aldehyde. 

Although it is generally believed that acetaldehyde is a common 
intermediary in the carbohydrate metabolism of all organisms, no direct 
proof appears to have been obtained for the pathogenic bacteria. More- 
over, in the culture medium of Endo, a counterpart of the Aronson, certam 
pathogens appear coloured red and others colourless. Therefore, it would 
seem as though aldehyde production need not be the common intermediary 
for all bacteria. Work on these lines is in progress. 

Based on the aldehyde view, an explaj^tion of the use of tl^ sodium 
sulphite in the Wilson Blair medium for ohblera also sug^iros itself. 
Sodium sulphite combines with the aldehyde, its conversion into acid is 
retarded and as a result the pH of the medium as a whole remains more 
or less stationary. The maintenance of an alkaline pH, it is well known, 
is the basis of the differential isolation of cholera from a mixed faecal 
culture. 
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21. Standardization of gradacol membranes. 

E. K. NABATaNAK, Calcutta. 

The average pore diameter (a.p.d.) of a gradaool membrane is deter- 
mined with the help of the viscosity equation of Peuselli by making 
observations of the rate of flow of wat^, the water content and the 
thiokness of the membrane in question. While determining the rate of 
flow of water for membranes according to the simplified device (Bauer 
and Hughes, Am, J, Physiol,^ Vol. IB, 934-35) of a burette connected to a 
cell of two well-ground bottle necks pressed into conteict with the membrane 
in between, it was found that the time taken for the same volume of water 
to fall from the zero level of the burette, every time in successive experi- 
ments, was not constant but went on increasing as the number of times 
the ex^riment was repeated. The water was free from all particles 
removc^le by ordinary filter paper and still this discrepancy was met 
with; however, by filtering the water through a membrane of the same 
porosity as that under study concordant results were obtained. This 
essential precaution in standardizing gradacol membranes has not been 
mentioned in any previous publications. 

22. Sedimentation rate of red blood cells in epidemic dropsy. 

C. L. Paseioha, and K. S. Malik, Calcutta. 

{Epidemic Dropsy Enquiry^ Indian Research Fund Association.) 

The sedimentation rate of red blood cells, the cell volume and the 
haemoglobin content have been estimated in a series of 74 cases of the 
natural disease an(^ in eight persona in whom symptoms resemlling those of 
epidemic dropsy were produced following the intake of mustard oil con- 
temning argemone oil. 

Ime sedimentation rate of red blood cells is increased in epidemic 
dropsy and this test is useful in asoertainmg the diagnosis and prognosis. 
There was not a single case of established epidemic dropsy in which the 
sedimentation rate was not increased. As a rule the lower the rate, the 
severer the disease and the worse the prognosis. 

In an outbreak of epidemic dropsy in a closed community evidence 
was obtained suggesting that the increase in sedimentation rate occurs 
even before the development of the climeal disease. This simple test 
which can be readUy carried out in routine clinical examination is capable 
of revealing tissue damage long before the development of symptoms. 
This test would be a valuable one in epidemiological studies. 

Fibrin-nitrogen content was established m a series of 20 cases of 
epidemic dropsy. The results suggest that the sedimentation rate, the 
cell volume and the fibrin content are inter-related. An increase of 
fibrin leads to an increase in the sedimentation rate, provided the cell 
volume is constant. An increase of cell volume decreases the sedimenta- 
tion rate, provided the fibrm content is constant. 

23. Residual infectivity of lymph nodes in tuberculosis. 

S. R. Quha-Thakubta, Calcutta. 

{Tuberculosis Enquiry^ Indian Research Fund Association.) 

For the endogenous re -infection in adult tuberculosis the offending 
organism of the &st infection must persist in the viable stage in the 
primary parenchymal or glandular focus for subsequent dissemination 
under unfavourable conditions. The present investigation was under- 
taken to find out the incidence of infective viable bacilli in the lymph 
nodes — cervical, tracheo -bronchial and mesenteric of apparently hwthy 
individuals who died of accidental injury or diseases other than tuber- 
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culosis. The materials wem obtained from 140 post-mortem oases of which 
67 oases showed some lesion either definite or suggestive of tuberoulosis. 
Twenty-seven or 47% of the oases with lesion and 20 or 24% of ‘no 
lesion’ group showed viable bacilli in one or more of the lymph nodes. 
Thus living bacilli could be demonstrated in the lymph nodes of 
apparently healthy individuals in 33-5%--a high percentage showing the 
possibility of endogenous dissemination at any moment of life favourable 
for its spread. 

24. Further studies on the Pityrosporon of Tinea versicolor 
and Pityriasis capitis. A new oil medium for enhance- 
ment of the growth of the organism. 

G. Panja, Calcutta. 

The new medium for enhancement of the growth of the Pityrosporon 
consists of an ordinary nutrient agar or dextrose agar on which a fixed 
oil such as oocoanut or olive oil heis been added. Fine pin point colonies 
of the organism aesume the colony size of an ordinary yeast in 24 to 48 
hours. Such a luxuriant growth is most suitable for the study of mor- 
phological variations, biochemical reactions of the fungus and immuno- 
logical experiments that have been carried out. The medium does not 
ei^nce the growth of any other organism or yeasts. Volatile oils do 
not stimulate the growth ; on the contrary, they inhibit it. A precipitating 
antigen has been obtained by boiling the organism in distilled water for 
3 to 4 hours. A therapeutic advance has b^n made based on this new 
culture medium. 

The organism is nontoxio to laboratory animals. 

Some clinical features of the diseases caused by the Pityrosporon 
have been studied. 

A discussion on the r61e of the Pityrosporon in the etiology of Tinea 
versicolor. Pityriasis capitis and Seborrhoeic dermatitis. 


Pharmacology and Therapeutics 

26. The effect of administration of large doses of vitamin C 
in haemoptysis in piilmonary tuberculosis. 

S. K. Roy and M. N. Rxjdra, Patna. 

The effect of administration of large doses (100 to 200 mgs.) of 
vitamin C by intravenous injection to haemoptysis cases in puhuoimry 
tuberculosis has been studied. 00% of the patients given vitamin C 
show considerable improvement as compared to controls in similar circum- 
stances. The course of haemoptysis may be modified to some extent, 
but no decided action has been apparent. 

26. Activity of sulphamethyl thiazole against pneumococcus 
infection. 

A. N. Boss, S. J. Das-Gupta and U. P. Bastj, Calcutta. 

3bi continuation of a previous work (De and Basu, Ind, Jour, Med* 
Bes., 1938, 26, 637), certain thiazole derivatives of sulphanilamide have 
^®6n prepared. The present work deals with the activity of 2-sulph- 
anilamido -4-methyl thiasKole against pneumococcus t 3 rpe I infection in 
mice. 

By oral administration of the above compound in 2 per cent gum 
fragacanth suspension as well as by injecting the same subcutweoi;^y 
to mice of average weight 22—26 g. a definite protective action is bemg 
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noticed* By a oompavative therapeutic activity thia product is being 
found to be as active as sulphapyri^ne (e/. Litch&ld, White and Marshal* 
Jour. Pharm, Exp, Therap,, 1940* 69, 166). The drug is being well- 
tolerated by the animals and no untowaid symptoms have yet been noticed. 
Further work regarding its chronic toxicity and efifect on body tissues and 
organs is in progress. 


27. Vitamin and its therapy. 

N. K. Basu, Calcutta. 

Some new clinical uses of vitamins are described in the paper* 
particularly the use of vitamin and B 2 combined together for the 
cases of lejnosy, vitamin 0 in vomiting of typhoid and pregnancy* 
vitamin D in various skin diseases and vitamin E in uterine diseases. 
Failure of vitamin therapy is due to (1) that deficiency diseases are 
allowed to advance to such an extent that at that stage vitamins can 
exert very little influence* for experiments on lower animals have shown 
that up to certain stages in the pathological changes of the systems, 
vitamins can prove efleotive* and vitamins have very little direct action 
on the infective organisms but these act indirectly by raising tissue- 
resistance; (2) we cannot select proper type and dose of vitamin for 
treatment ; (3) rapid deterioration of the strength of vitamin preparations ; 
(4) sunlight plays a very important part in the absorption of vitamins* 
pi^icularly with A and 0 our body requires sunlight for absorption and 
action in the system ; (6) some peculiar antagonism in physiological action 
between fat-soluble and water-soluble groups of vitamins has been very 
firequently noticed in our patients* hence it is advisable that these two 
groups of vitamins would he better prescribed on alternate dates. For 
normal persons* fresh articles of food no doubt the best sources of 
vitamins; but for diseased persons where big doses of vitamins are 
essential* there can be no alternative for vitamin therapy. 


28. Present status of our knowledge of the indigenous medicinal 
plants of Travancore. 

N. K. B. Ktjbupp, Kayamgulam (Travancore). 

The object of this paper is to give an idea of the present status of our 
knowledge of the indigenous medicinal plants of Travancore. The 
various dOificulties that confront the ‘medicine collector* and the physician 
are described in detail. The number of sjiecies of medicinal plants 
representing 124 families — sunder which the several known medicinal 
pumts could be grouped — are clearly shown in the table. 


29. Effect of sulfanilamide group of drugs on blood. 

(Miss) S. CHAiJDHxmi, New Delhi. 

The effects on hemopoeMlc system of therapeutic doses of (1) 
Prontosil soluble* (2) Bruotrtosil album (sulfanilamide)* and (3) M and B 
698 (sulfapyridine) wsiw studied on monkeys (Silenus rhesus)* kept 
under controlled conditioee With regard to diet* etc.* in the laboratory. 
Prontosil sololde was administered by tlie intramuscular route* and 
sulfhnllainid^ mA spIBiipyridine were both given orally through stomach 
tube. 
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All the preparations tested produced a de6nite and progressive 
in the animals. Diminution of the amount of hemoglobin and fall of 
erythrocyte count was fomid to begin in 24 to 72 hours after the com- 
mencement of the ad mini stration of the drug and reached a 
in 7 to 10 days. Mean cell volume of erythrocytes and percentage of 
circulation reticulocytes were increased and immature red cells were 
found in the circulating blood of animals treated with prontosil by injection. 

Total W.B.O. were decreased under prontosil soluble and sulfa - 
pyridine administration. 

A study of the concentration of sulfanilamide in the circulating blood 
was also made and it was found that the maximum concentration was 
reached in half an hour when the drug is injected and one and a half 
hours after when the drugs were orally administered. The absorption of 
sulfapyridine was definitely slower than that of sulfanilamide. 


Nutrition and Biochemistry 

30. Further observations on the biochemistry of cholera. 

Hbmbndranath Chattbbjbb ani Sttbath Mohan Ghosh, 

Calcutta. 

(1) A high phenol content of blood was observed in all cases of 
cholera before administration of saline and in 70% of cases of cholera 
after the administration of saline transfusion, 

(2) The specific gravity of blood comes down to normal with the 
transfusion but the increase of phenol persisted in many cases. 

(3) Early and comparatively mild cfises of cholera receiving prompt 
treatment showed a rapid return to normal specific gravity and phenol 
content of blood. 

(4) There was a diminished reserve alkalinity of the blood. This 
persist^ even after the specific gravity cmd phenol content of blood 
became normal. 

(6) The clinical improvement runs parallel with the improvement of 
the blood chemistry. 

31. An observation on the phenol content (free, conjugate and 

total) of blood in normal Indians. 

Hbmbndranath Chattbbjbb and Jamini Kanta Sarkar, 

Calcutta. 

On estimation of phenols (free, conjugate and total) of blood in 
normal Indians, the following average results were obtained (Theis and 
Benedict method): 

Free phenol — 2-24 mgm. per cent. 

Conjugate phenol — 0*39 mgm. per cent. 

Total phenol — 2*63 mgm. per cent. 

32. The estimation of nicotinic acid content of foodstuffs by 

an adsorption method. 

K. V. Gmi and B. Naoana, Vizagapatam. 

An adsorption method for the estimation of nicotinic acid ^ntent of 
yeast, animal tissues and other foodstuffs is described. Nicotim'o acid 
18 quantitatively adsorbed by medicinal charcoal. By eluting the charcoal 
®'^^rbate with hot alcohol-sodium hydroxide solution, an eluate is 
obtained that contains the vitamin. The charcoal adsorption and elution 
method is applied to a number of foodstufiBa and animal tissues and added 
nicotinic acid is quantitatively recovered from them by such treatment. 
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33. Investigations on the biochemistry of leprosy. 

0. S, VBNKATS^LStJBRAHMANYAN ani K. V. Qmi, 
Vizagapatam. 

In view of the recent findings by several workers on the importance 
of nutrition in relation to the etiology of leprosy, an experimental enquiry 
on the biochemical changes in the blood in leprosy has been undertaken. 
Investigations on the changes in calcium, phosphorus and phosphatase 
of serum in 21 cases of leprosy, have shown that the values were usually 
within normal limits. The calcitun content of the blood varied from 
8*7 to 12*3. The inorganic phosphorus values were 2*52 to 6*4, and the 
phosphatase values varied from 0*41 to 3*1 Bodansky units. Although 
the values obtained for total proteins were within normal limits, the 
albumin -globulin ratio was altered in almost all the cases (13) investigated. 
The values for toted proteins varied from 5*2-7*4; the average being 
6*0. In aU the oases th^ was an excess of globulin over albumin fraction. 

34. The state of vitamin C nutrition in pulmonary tuberculosis. 

S. K. Roy and M. N. Rudra, Patna. 

The state of vitamin C nutrition in 60 oases of pulmonary tuberculosis 
patients (males and females) has been studied. They show a state of 
considerable vitamin 0 subnutrition. Administration of 250 mgs. of 
vitamin G by mouth show that vitamin O in natural form (sun dried Emblioa 
ofSoinalis p^p) has a comparatively better effect than synthetic vitamin 0 
(Bedoxon * Roche’) in bringing pidmonary tuberculosis patients to state 
of saturation with vitamin 0. This better effect by natural vitamin 0 
is ascribed to the probable presence of vitamin P in Emblioa officinalis. 

35. On iron and copper metabolism. 

K. P. Bast; and B. Gupta, Dacca. 

Typical rice or whole wheat (atta) diets contain sufficient iron for the 
maintenance of positive balance in normal adults. 

Calcium was supplemented to the basal diet in the form of Ca-laotate, 
gluconate, lime, milk and calcium from three vegetables, viz. amaranth, 
ladies’ finger euid drumstick, which are known to be very rich sources of 
calcium. In most oases, extra ingestion of calcium was accompanied by 
more excretion of iron in the faeces. Milk calcium did not show this 
antagonistic effect to any appreciable extent. 

Our experiments with three normal subjects taking large doses of 
iron every day, show that the. body has a considerable storage capacity 
for iron. At physiological lev^s of intake, iron excreted with the faeces 
is nearly equal to the amount in the food, but with large intakes of iron, 
a considerable portion of the ingested iron is always retained. 

The daily copper requirement of an adult appears to lie between 
2-3 mg. Typical Indian dietaries always supply the requisite amount and 
in none of the experiments was any of the experimental subjects in negative 
copper balance. The effect of adbninistration of extra amount of calcium 
almost always resulted in increased excretion of copper. 

36. Assessment of vitamin A deficiency of Bengalis by a 

simplified method. 

N. M. Basu and N. K. Db, Calcutta. 

{Indian Research Fund AssodcUion.) 

A simple method of assessment of vitamin A deficiency by the 
determii^tion of the final light threshold value during dark adaptation 
was evolved in the laboratory. This method was applied in assessing 
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vitamin A deficiency amongst 361 school students of different economic 
status, 161 employees of moderate income and 171 patients with eye 
lesions. The students and employees were apparently of good health. 
It was noticed that nearly 77% of school students had a high reserve of 
vitamin A in their body, but amongst the employees only 40% had the 
same reserve. Amoi^^ the patients, curiously enough, some showed a 
good store of vitconin A. On daily administration of 10,000 T.U. of 
vitamin A to some of these patients for a month or more, symptoms, such 
as phrjnnoderma, xeroshi, kerato-malacia, and night-blindness, were either 
completely cured or very distinctly ameliorated, but no change took place 
either in Bitot’s spots or pigmentation of the conjunctiva. 

In ascertaining the perception of final threshold values of light during 
dark adaptation of students and employees, it was noticed that a large 
majority of students showed a value corresponding to 0*0061 milli -foot- 
candle and similarly a large proportion of employees showed a value 
equivalent to 0*0114 milli-foot-candle. Accordingly, these values are 
considered to be normal for students and adults respectively. Subjects 
showing values lower than these standards are taken to he deficient. 

37. Determination of optimal and normal requirements of 

vitamin A by adults. 

N. M. Bastj and N. K. De, Calcutta. 

{Indian Research Fund Association,) 

Researches by hosts of workers have established the relationship 
between visual purple in rods and increase in the sensitivity of retina 
(i.e. its power of light perception) in the dark and also the relationship 
between the supply of vitamin A to the retina and the regeneration of 
visual purple in the dark. Accordingly, the vitamin A reserve in the 
body, upon which the vitamin A supply to the retina depends, is assessed 
by ascertaining the light perception value during dark cidaptation. 

In consideration of these facts the maximum light perception values 
of persons after they are saturated with vitamin A by proloi^ed intake o^ 
10,000 I.XJ. of vitamin A daily, are determined. It was noticed that this 
value is the same, viz. 0*0023 milli-foot-candle in the cases of all saturated 
persons and that after the attainment of this value, a steady state is 
reached, for it cannot be increased by further administration of larger 
doses of vitamin A. It was argued that the minimum intake of vitamin A 
which would maintain this value of the power of light perception in the 
dark is the optimum requirement of a person. It is found in this way by 
experiments with different persons that 6,000 I.U. of vitamin A per diem 
is the optimum requirement. By similar experiments with different 
persons it is found that the intake of 4,000 I.U. of vitamin A per ^y is 
necessary for maintaining the dark adaptation value at 0*0061 milh-foot- 
candle, which has been taken to be the normal value for children and 
the intake of 3,000 I.U. of vitamin A per day is necessary for the dark 
adaptation value at 0*0114 milli-foot-candle which haa been taken to be 
the normal value for adults. Thus the normal requirements of vitamin A 
for children and adults are 4,000 I.U. and 3,000 I.U. per day. 

Different diet charts which would provide daily 6,000 I.U., 4,000 I.U, 
and 3,000 I.U. of vitamin A have been constructed. 

38. Dastraction of insulin in blood. » 

N. K. Iyengar, Calcutta. 

Insulin when injected into normal or diabetic subjects appears to 
work only for a limited time. There is therefore apparently a mechanism 
for the destruction of the hormone in blood during circulation or for its 
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removal fh>m the body. Previous workers have obtained evidence that 
the neutralizing principle is an enzyme, possibly trypsin, which is inactive 
in acid solution. 

A comprehensive study of the proteol 3 rtic enzymes in the various 
fractions of blood has been meule to throw light on the above problem. 
A comparative study of the red cells, plsisma and platelets show that the 
platelets possess the highest proteolytic activity. The determination of 
the optimum pH for activity of the enzyme shows that it is tryptic in 
nature. The dried platelets were found to be most active in destroying 
insulin. The digestion of insulin protein and the corresponding destruc- 
tion of the potency of insulin by a buffer extract of dried platelets, has 
been follow^. 

Thrombin has no inactivating power on insulin. The evidence for 
the possibility of the platelets being responsible for the physiological 
destruction in the circulation, has been discussed. 

39. Serum phosphatase in experimental liver damage. 

K. B. Sehra and B. Mtjksbji, Calcutta. 

The blood serum phosphatase values have been studied in a series of 
days in which experimental liver deunage and biliary obstruction were 
artifloially induced, the former by the gradual oral administration of 
hepatoxio doses of carbon tetrachloride and the latter by ligating the 
common bile duct through a laparotomy wound in anaesthetized animals. 
It has been found that in practically all oases with primary damage of 
the liver there is a sharp rise in the serum phosphatase values. In hepato- 
cellular damage by carbon tetrachloride, the values are found to vary 
from 16 to 20 Bodansky units or sometimes even less. In biliary obstruc- 
tion, the values are usually higher than 25 Bodansky units, the maximum 
value recorded being 110 units. 

High phosphatase vcdues (30 Bodansky units or above) may usually 
be taken as indicative of obstruction in the biliary system. From the 
phosphatase level of blood serum, liver damage with or without obstruction 
in the biliary system may be easily diagnosed even before appreciable 
signs of jaundice supervene. The significance of the findings is discussed 
in relation to jaimdice and similar clinical conditions. 

40. Urinary excretion of nicotinic acid in pellagrins. 

K. V. Gmi and B. Naganna, Vizagapatam. 

Harris and Raymond method (Biochem, J,, 1939, 33, 2037) for the 
estimation of nicotinic acid content of urine has been modified to suit 
the ordinary colorimeter. With this method the urinary excretion of 
nicotinic acid plus nicotinamide expressed as nicotinic acid was determined. 
It was found that the nicotinic acid content of the urine of pellagrins was 
practically nil, cmd increases somewhat when the patient is put on hospital 
diet composed of milk and bread. Administration of 50 mg. of nicotinic 
acid dculy raised the nicotinic acid content to normal value within three 
or four days, when idl the typical symptoms of pellagra disappeared. The 
results indicate that the estimation of the nicotinic cbcid content of urine 
affords a valuable cmd probably an earlier diagnosis of pellagra. 

41. Investigations into the epidemiology of epidemic dropsy — 

isolation of active substances from toxic oils. 

S. P. Mukherji, B. B. Lal, and K. B. L. Mathitb, Calcutta. 
{Inquiry financed Indian Research Fund Association,) 

A while crystalline ommio compound (reacting substance) has been 
isolated from imi^saponifiable fractions of samples of mustard oil 
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epidemiologioally aissociated with outbreaks of epidemio dropsy as also 
from oH expressed fmm se^s of Argemone mexicana. This substance is 
responsible for the difTerential, physical and chemical tests for specifically 
toxic oils. It gives cdkaloidal reactions, leaves no ash on micro -incenera- 
tion and inelts at 188-189®C. The empirical formula worked out by 
micro-chemical method is Ci 9 Hi 504 N. The specific gravity is 1*42 at 30®C. 
This compound cannot be obtained or ccui only be obtained in minute 
quantities fium mixtures of mustard oil and argemone oil which have 
become non-reactive to the differential tests through treatment with 
appropriate physical and chemical reagents. 

A similar &ee base has also been obtained from ethereal solution of 
argemone oil by passi^ HOl-gas emd washing the light yellow deposit 
with water or ^lute liquor ammonia. It has been purified by repeated 
recrystallization with absolute alcohol and benzene or toluene. It melts 
at IQO'^G. Besides recKstivity to the specific tests the substance has many 
properties in common with the reacting substcmce described above. 

The biological properties of the substcmces are discussed in a separate 
communication. 


Anatomy and Embryology 

42. Early recognition of sex in human embryos. 

D. S. Dbshpaitdb, Bombay. 

The external genitals in human embryos are discernible on the 
40th to 47th day and for six or seven days more the external sex characters 
are indifierent. The chief charcusteristics by which the sex can be deter- 
mined at this stage are erectness of the phaUus, the length of the urethral 
groove and the relations of the urethral folds to the labio-scrotal swellings. 
Often these criteria are not perfectly reliable as proved by microscopical 
examination of sex glands. There is always a liability to error in 
diagnosing retarded males or females. But if the following characters 
are taken into consideration it is always possible to determine the sex 
a week earlier and that too without any possibility of error even on micro 
soopical examination. Firstly, one should consider the ano -genital distance 
in the embryos. It is always greater in male than in female of the same 
age. Secondly, the genital papilla is always larger than the female papilU 
of the same age. Identification of a dozen embryos by this method will 
give one the master key to the earliest sex determination in human embryos. 


43. On the gigantism of umbilical hernia. 

D. S. Dbshpandb, Bombay. 

Oftentimes the retraction of the mid-gut loop fails to return from the 
extra-embryonic coelom and the result is the umbilical hernia. This 
case is peculiarly of interest because the whole mid-gut loop remained 
and developed outside the intra-embryonio coelom. The foetus except 
but gigantism of umbilical hernia was of normal type and the age deter- 
mined was approximately six months. The length of the hernia from the 
open umbiliom orifice was 18 inches the approximate diameter at the 
base was 4 inches, whi^ gradually reduced to the apex where it was only 
2 inches. On dissection the foetus presented the structures just like those 
of the 5th week embryo, i.e. before the rotation of the gut. The loop had a 
convexity forward, cmd the apex protruding a shrivelled up yblk sac with 
hne thread Hlgft vitello-intestinal duct. The pre-arterial and post-arterial 
mesentery was well diSerentiated but the termination of the superior 
mesenteric artery almormally thickened. Here the abdominal parietes 
form, so to say, a big U-filiaped sink in whi<fii the whole development 
bad taken place and persisted. On blose study it was found that the 
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pve-a.rterial loop and mesentery after the first stage of rotation formed 
adhesions whicm resulted in the non-retraotion and formation of giant 
umbfiioal hernia. 

44. On the embryonic regression of palmar and plantar pads in 
man. 

D. S. Dbshpandb, Bombay. 

There is a tendency for human palmer and plantar pads to undergo 
regression as compared to monkeys and other lower mammals. Thm 
pads trace their origin to the generalized mamipal of inseotivore type. In 
the foetal condition of all these animals all the pads are well developed 
having wide expetnse variously conjoined with the neighbouring pods. 
In the hdman embryos of 3 or 4 months all the areas show similar growth 
marks but later on they gradually recede and get diminished in size and 
their place is taken by tli^ variety of designs, such as loops, double loops 
and whorls. After examining many embryonic specimens one comes to 
the conclusion that no two individuals present duplicate configurations 
even in the foetal conditions and is also probable that the unlikeness holds 
true even for small homologous areas. 

46. A study of epiphysial union in Bengalee boys.* 

S. K. Basu and G. S. Chattbejbb, Calcutta. 

This study is in part complementary to that in Bengalee girls by the 
senior author and Dr, Sudhir Basu. It was carried on roentgenographioally 
on (more than one half the oases by the second author) 150 Bengalee boys. 
The subjects were selected from economically stable families of higher 
caste Hindus. Such children were reared on a balanced diet with a 
plentiful supply of milk. Their ages were carefully verified from horoscopes 
and other family records. The results arrived at differ in ohronologiccd 
value from those of researches in other parts of the world, — epiphysial 
union being foimd to be more precocious in this work. The pattern and 
sequence of epiphysial union, however, remain practically the same. 
Differences are ^so noticeable from results of previous workers in this 
country, who did not select their subjects from one community or from 
those with a standard of rearing close to the scientific ideal. The present 
work therefore does not represent an average of results from subjects 
recruited at random but is a nearer approach to the scientific standard of 
accuracy. It also throws open an incentive to workers in other communities 
for similar investigations in order the racial, climatic €Uid dietetic 
infiuences, if any, on the principles guiding epiphysial union may be 
established. 

46. The problem of right-handedness. 

A. Ananthanabayana Aybb and V. Sitabama Bao, 
Vizagapatam. 

A survey of present views regarding factors responsible for the 
causation of right-handedness in the majority of people (96%) is made. 
The authors have made measurements of the anterior borders of the 
parietal ^nes in fifty skulls and it is found that in 70% of skulls the 
anterior border of the left parietal bone is longer than that of the right. 
They also cite evidence to show that the central sulcus in the majority of 


* The authors express their grateful acknowledgement for the help 
rendered by the late Dr. Santosh Kumar Basu who took up the study as a 
co*work4r with the plpient authors, and who was responsible for major 
portion of the work. 
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brains is longer on the left side. From this they infer that the motor cortex 
of the left side is more extensive and right-handedness is due to the 
dominance of the left motor cortex. As regards the determining factor 
causing the dominance of the left motor cortex, it is suggested that the 
position of the foetus in the mother during the later months of pregnancy 
might be responsible for it. The intermittent pressure on the foetal 
head caused by the filling and emptying of the pelvic colon and rectum 
might cause hypertrophy at the site of pressure. In the commonest 
position L.O.A. the site where this mtermittent pressure is likely to act 
corresponds to the re^on of the anterior border of the parietal of the 
left side overlying the left motor cortex. Left-handedness will be due to a 
lie of the foetus where the right motor cortex is likely to be subjected to 
the intermittent pressure of the pelvic colon and rectum. Among animals 
the beginning of right-handedness is seen in the gorilla and also the com- 
mencement of fixation of pelvic colon and rectmn. Further data giving 
the lie of the foetus along with the right- or left-handedness of the child 
will substantiate or disprove the suggestion. 

47. Anterior commissure of the forebrain in the hedgehog 

{Erinaeceus europeua). 

Y. Appajbb, Mysore. 

A detailed study of the anterior commissure of this animal is made 
wherein the writer ^s made the observation that this commissure is still 
a neopallial commissure to a great extent as in the case of marsupials and 
other lower vertebrates. A large part of the interbulbar or olfactory 
component is made up of the neopallial fibres from the frontal cortex. 
The rest of the non-olfactory cortex sends commissural fibres through the 
external capsule to the anterior commissure. The writer thereby confirms 
the theory of late Prof. Sir Grafton FUiot Smith, that, as we ascend the 
scale in the vertebrate series, the neopallial commissural fibres take a 
new dorsal pathway in the lamina terminalis and form the corpus callosum 
and leave the anterior commissure to form the pathway for the olfaetory 
commissural fibres only, and that in the low mammals like insectivores, 
etc., a transition stage is likely to be seen where the neopallium utilizes 
both the dorsed and the ventral pathways for its commksin^l fibres. 

48. The carrying angle of the elbow in South Indians. 

A. Ananthanabayana Aybb and V. Sitabama Rao, 
Vizagapatara. 

The cubital angle, the joint-axis angle and the carrying a^le have 
been measured according to stemdard anthropometric technique in 20 sets 
of humerus and corresponding ulna of South Indian males. The mean 
values are, cubital angle, 84*8°; joint-zxis angle, 81*3® and the carrying 
angle, 166®. The right side angles are generally larger than those of the 
left side. The values for the carrying angle of South Indians agree with 
the values given for Europeans in standard text-books of Surgery and 
Anatomy. 


B. VETERINARY RESEARCH 

Pathology and Bacteriology 

49. Bncephalo-myelitis in animals in Hydorabad State. 

M. R. Masajan, Hyderabad-Deooan. 

The paper reoords an acute outbreak of equine encephalo-myelitia 
m the l^istrict Police Lines and city of Hyderabad. Investigation that 
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wss ooa&hed to tho Polioo Jjiiws, Tooordod 21 sttBokB out of ^ totsl of 47, 
with a loBB of 12 boraee. Oorebrad, ^inal and mixed oerebro-spinal fomm 
of the disease were encountered. Horses involved were 17 Ausimlians 
and 4 ooimtiy-bieds. Eight oases discovered in the early stape of the 
attack* recovered and one remained as a hopeless case of ^mal type 
(Knmri). Diagnosis was established locally and this was confirmed by 
the Imperial Vetermary Research Institute* Mukteswar. The existence of 
*Oarriers* was responsible for prolonging the outbreak from October 
1939 to August 1940. Complications of Strongylosis and Piroplasmosls 
in the horses involved (the latter perhaps a resuscitation) cdso required 
attention. Paper also records the occurrence of some sub -acute and 
chronic outbreaks of the disease in bovine and caprine animals. 
‘Circling disease* of ovines as known in Hyderabad is also now thought 
to be iqx encephalo-myelitis* which occurs in a per-aoute form, in the 
rainy season, in a widespread area. 

60. Experiments upon the transmission of bovine haemorrhagic 
septicaemia through the agency of the flea, Gtenocephalus 
fdis, 

G. K. Mehba, Mukteswar. 

The only record of successful transmission of haemorrhagic septicaemia 
by arthropods is that of Daubney, Hudson and Roberts (1934), who showed 
that haemorrhagic septicaemia was transmissible from mouse to mouse 
thro^h the agency of Cfenooephalita fdis, 

Ae writer tested the possibility of the disease being conveyed from 
rabbit to rabbit, through the agency of the same species of flea. It was 
found that, in the absence of fleas, close contact or cohabitation of the 
infected animals with the healthy does not give rise to the disease in the 
latter. 

Healthy rabbits living in flea-proof cages died of haemorrhagic septi- 
caemia conveyed to them by infected fleas from an adjacent cage whi<^ 
contained a diseased animal. 

Fleas were collected from infected rabbits, washed repeatedly to 
remove external contamination, crushed and filter^ through a flne muslin. 
The infeotivity of the emulsion thus obtained was tested upon a healthy 
rabbit with positive result. 

Smears from infected fleas proved on microscopical examination to 
be positive for the presence of pasteurella organisms. 

The work is being continued in large animals as well. 


61. On the systematic ' position of Bhinoaporidium seeberi, 
Wernicke, 1903. 

S. Datta, Mukteswar. 

Researches hitherto oeurried out upon this organism have been 
concentrated upon the solution of the difficulties attending its cultivation, 
and the experimental transmission of the disease. Attempts to reproduce 
the disease with infective material on monkeys, rabbits, guinea-pigs, 
mice and calves have invariably yielded negative results. Workers have 
failed to cultivate the organism, except in one or two doubtful instances. 

The writer has been successful hieultivating the organism from human 
material received from ilpeona and Madras. In the course of this work 
indications have been dMlied suggestive of the possibility that B. seeberi 
i^resents a developmeutal etage of a funs^ belonging to the group of 
‘lli, the^'mosf important of these inmoations being the pi^uction 
Hhif^srorklium ‘sporangium’ on the mycelia. The 
rity of the culture^ has been tested on both large and small animals 
with in^uraglng reshlt. 
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62. Experimentftl attompts to induce Oorynebaeteriwin egui 
to produce a toxin. 

V. B. BajagopaIiAit, Mukteswar. 

Several attempts were made to induce Carynebtxotermm equi to produce 
a toxin in artificial media. The conditions so far provided do not appear 
to be conducive to toxin production in-vUro. 

Entomology and Parasitology 

53. A new species of Svibidura, 8, minettiy n.sp. (Nematoda) 

from an Indian fowl. 

G. D. Bhalbrao, Izatnagar. 

This new species occurs in the intestine of the host and has a distinct 
cBsophageal bulb, 10 pairs of caudal papillsB, fusiform pre-anal sucker 
measuring 0-182-0*277 mm., equal spicules 1*085-1*19 mm. long, guber- 
naoulum 0*169-0*223 mm. long. The vulva is situated on a small 
prominence, between the anterior two- to three-sevenths of body. 
The ovijector is characteristic. The eggs measure 0*066-0*096 x 0*038- 
0*062 mm. 

54. On some triohostrongyles of domestic ruminants in India. 

G. D. Bhalbkao, Izatnagar. 

Trichostrongyhia ooltibriformia has been recorded from goats and sheep 
at Mukteswar, Poona and Lahore. Some modifications of the branching 
of the dorsal ray are noted. T. extemuxtu8 has been recorded for the first 
time in India, from the abomasum of goats at Mukteswar. In addition 
to the typical forms of this species, a few males were obtained in which 
the dorsal ray bifurcates at its posterior third. T. proMurus has been 
recorded from the abomasum emd small intestine of sheep and goats at 
Lahore. Oooperia pectinata has been recorded from the abomasum of 
cattle and the intestines of goats at Mukteswar. Daubney’s observations 
on the spicules in this species are confirmed. (7. puncttUa has been recorded 
from the intestines of cattle aad a goat at Mukteswar. The s^imens of 
this species at the disposal of the writer were considerably lar^r than 
those previously described. The internal organs, however, fall within the 
range of variations previously recorded. Ost&rtagia ostertagi has been 
recorded from the abomasum of cattle at Mukteswar and many deviations 
from the forms previously described are noticed. The vcdidity of 
MarahaUagia orienkUia is re-stated. Camelostrongylua mentulata has^ been 
recorded from sheep and goats for the first time. Hamonohua longiatipea 
has been recorded from sheep for the first time. 

In all oases, observations are recorded on all important parts of 
anatomy. 

55. Records of the ocourrenoe of waurble-flies {Hypoderrm 

lineatum De Villers and Hypoderrm croasii Patton) in 
Sind. 

B. N. SoNi, Mukteswar and H. S. Bawa, E^araohi. 

A warble-fly survey of Sind was tmdertaken by the writers during the 
winter of 1939-40. A widespread occurrence of iff. UnacUum among cattle 
and of JET. croaaii among goats was recorded in certain districts. jBT. CTQaaii 
i^estation was most common in the districts adjacent to Baluchistan, 
but maritime areas were practically free of infestation. A majp showing 
the geographical distribution of the two species of warlfle-flies in Sind is 
included m the article. 
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66. Abnonual development of malarial odoysts in mosquitoes. 
B. C. Bastt, Mukteswor. 

Mosquitoes referred to ia this note were laboratory bred Anophdes 
^phmHt fed on gametocyte-ocurriers of Indian strain of human malaria 
and an abnormal development of a proportion of the oocysts was noted in 
the serial sections of the mosquitoes. 

(i) In some of the fed mosquitoes (especially in malignant tertian 

infections) oocysts packed with sporozoites were found 
developing towards tne lumen of the midgut. Such oocysts 
apparently rupture into the gut and the sporozoites liberated 
cannot have euiy chance to invade the salivary glands^ and 
as such, the mosquitoes concerned could not be infective. 
Thus an infected mosquito is very different from an infective 
mosquito. 

(ii) In some mosquitoes (with quartan and malignant tertian 

infections), pigmentary degeneration of the oocysts occurs, 
thus producing the ‘black spore * of Ross — the pigment being 
derived from the parasite and not from the mosquito tissue. 

(iii) In a few mosquitoes (with benign tertian infection) an 

appeenrance was noted, as if the whole protoplasmic contents 
of oocysts had divided into two equal masses — ^the appearance 
rather recalling that which occurs in oocysts of the Isospora 
coccidia. It is probable that in such cases two zygotes 
settle down so close together that they form a common 
cyst. 

The work was conducted at the Calcutta School of Tropical Medicine 
with a grant from the Indian Research Fund Association. 


67. Free-living stages in the life-history of Mecistocirrua 
digitatvs, a nematode causing parasitic gastritis in cattle. 

P. B. KxTPPUSWAMy, Izatnagar. 

The eggs when laid by the female are in the morula stage. A full 
grown embryo is developed after 12 to 20 hours. The embryos hatch 
out of the eggs from 29-48 hours after they are laid. 

In the life-cycle of this parasite three extinct stages are noticed during 
the pre-pcuasitic life. The first and the second stage and a part of the 
third stage are completed outside the body of the host. 

The first stage, in which the larva is rhabditiform, lasts for 2-4 days, 
depending upon the circumstances. During this period the larva becomes 
ensheath^. Two sub-stages, cm active sub-stage followed by a lethargic 
sub-stage, are noticed. 

The second stage commences edter the first eedysis. This stage lasts 
for 2-5 days. During this period the larva again becomes ensheathed. 
A few changes take place during this stage. IVo sub-stages are noticed 
in the second stage ctlso. 

The third or the infective stage commences soon after the second 
ensheathing. The infective larvae were kept alive in cultures for a 
period of two months. No eedysis was observed even after such a long 
period. No further progress of the larvae was noticed in cultures. 

An appearance of a thin cord-like attachment between the head of 
the advanc^ ensheathed first stage larva and the anterior portion of the 
sheath was noted. Thh presence of two small dark brown circular bodies 
at the anterkur end of the oSsophckgus of the third stage larva was a constant 
feature. 

A detailed aooofml of the cmatomy and biology of each stage is 
given. 
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Nutrition and Biochemistry 

68. The stability of carotene in pasture grasses. 

P. A. SnsHAJsr and K. C. Sen, Izatnagar. 

In a previous paper from this laboratory (Sen and Seshan, Indian 
Journal of Veterinary Science and Animal Husbandry, 1938, 8, 169), a 
review of the problem of vitcunin A deficiency in farm animals was made 
and it was concluded that so far as ^dia was concerned the only practicable 
way of meeting the vitamin deficiency was by introducing green feed as 
a regular component of the diet of these animals. It is a well-lmown fact 
that green plants contain only carotene and no preformed vitamin A as 
such. Hence the vitamin A supply of farm animals is determined by the 
sufficiency or otherwise of the amount of carotene ingested through the 
feed. The carotene content of pasture grasses thus acquires a high 
significance in the nutrition of farm animals. Several factors seem to 
affect the carotene content of grasses and hence a detailed study of the 
stability of carotene under various conditions has been initiated in this 
laboratory. This paper presents the results of a study of the effect of 
heat on the stability of carotene. 

Experiments show that heat by itself is not able to destroy carotene 
when grasses are dried by heating. When a fresh sample of Dub grass or 
Elephant grass is heated at 100®C. for a couple of hours in vacuo, no loss of 
carotene is observed. Samples of grass after heating in an autoclave for 
one hour, show no additional losses when heated in vacuo at 100°C. for 
another two hours. 

In the presence of air, a similar heating at lOO^C., however, causes 
signfficant losses, namely about 40 per cent in two hours and 90 per cent 
in 24 hours. Autoclaving for 1 hour imder 2 atmospheres pressure shows 
a destruction of 20 to 30 per cent of the carotene in fresh samples. When 
autoclaved samples and vacuum dried samples are further heated in a 
hot air oven at 100®C., there are distinct losses. These experiments show 
conclusively that atmospheric oxygen plays a definite r61e in the destruction 
of carotene. 

Further investigations are in progress with reference to the parts 
played by sunlight and enzyme action in the destruction of carotene, on 
drying grasses. 

In connection with this study, a method of carotene estimation has 
been developed in this laboratory. The modifications introduced appear 
to give more quantitative and consistent results. 
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Agricultural Meteorology 

1. The direct utilization of solar energy. 

L. A. Bamdas, Poona. 

The paper disousses the possibilities of utilizing solar energy directly 
for given praMstical purposes. The available data on the intensity and 
duration of sunshine in India are summarized. Over the greater part of 
India the hours of bright sunshine exceed 50% of the possible hours from 
January to May and again from October to December. 

Simple calculation shows that about 10 sq. metres of receiving surface 
may be required for developing one horse power out of incident solar 
radiation after allowing for losses. The attempts of different scientists 
to harness sunshine to drive mechanical engines are next described. 
Abott’s solar cooker and other possible applications are briefly dealt 
with and attention drawn to the great scope for further investigations on 
the utilization of solar energy. 


2. Seasonal variation of soil moisture in relation to rainfall. 

L. A. Bamdas, a. K. Malue, and K. M. Gadbb, Poona. 

Weekly determinations of soil moisture from the surface to a depth 
of 18 in. cue being made from a bare plot in the Central Agricultural 
Meteorological Observatory, Poona, for the last flve years. ^Hie simple 
method of taking samples with a soil auger and desiccating these to 
dryness at 100®0. was used for the actual determination of the percentage 
of water in the soil. Results presented show that there is a rapid fluctua- 
tion of moisture near the surface of the soil during the rainy months but 
later during the clear season (November-April) a steady state is reached 
when the surface soil contains only hygroscopic moisture. Once this 
stage is reached there is not much variation in the moisture content of 
the soil from day to day as the surface regains by absorption at night 
what is lost by evaporation-during the day. The protective influence of a 
top layer of dry soil on the moist layers underneath thus finds an 
explanation. 


3. Frequency of high temperatures in India. 

L. A. Rahdas and P. V, PocPAiiWADKAB^ Poona. 

The frequencies of maximum temperatures higher than 90*^, 100*^, 

105°, 110°, 115° and 120°F. have been oomputed'for 00 selected stations for 
a period of 10 years (1920-29) for the different months of the year. From 
these the mean frequencies have been calculated. Maps of India showing 
the distribution of the areas with frequencies >100°, >105% >110° and 
>115°F. have been prepared. These charts show clearly how the areas 
of high maximum temperatures develop and move during the oourse of 
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the year. As plants have to experienoe these variations of temperature, 
the fexmer is as much oonoemed with heat waves as with cold spells. 

4. Effect of surface colour on the loss of water by evaporation 
from columns of black cotton soil resting on a water 
table. 

A. K. Malltk, Poona. 

Samples of Poona soil were exposed in triplicate in soil evaporimeters 
with the water table at 9^ €uid 16' respectively. Two of each set had 
the surface covered with a thin white cover and black cover respectively. 
A white cover was found to reduce the rate of evaporation considerably; 
the increase of evaporation caused by a black cover was not large as the 
local soil was already almost black in colour. The reduction of evaporation 
duo to the white cover is sufficiently large to bo of benefit to plants during 
spells of drought in places where irrigation is not feasible. 


6. The wind-break effect of crops. 

P. K. Raman, Poona. 

The lowering of wind velocity by standing crops offers great self- 
protection for the plants. Measurements of wind velocity with an Albrecht 
Hot-wire Anemometer taken at various levels above the ground in the 
open and in different environments of growing crops are discussed in 
detail. The wind breaking capacity or the ability to reduce air move- 
ments of the different crops within the extent of their respective heights 
is in the order given below: — 

Sugarcane 16%, Wheat 20%, Jowar 30%, Double bean 30%, 
Cotton 36%, Suran 46%, and Tobacco 60%. 

When wind velocity exceeds the limits of safety for a standing crop 
the crop is laid low and suffers considerable damage by lodging. A 
typical instance of lodging is also discussed. 

Wind-breaks are essential to check the fiow of cold air in winter 
nights across an orchard. After checking the air movement, fires used to 
heat gardens during nights when frosts are expected are more effective 
in saving the crop from damage. 


Soils and Ag^cultural Chemistry 

6. On the nature of the weathering complex of Indian red soils 
as determined by the Van-l^mmelen-Hissink method of 
HCl extract. 

S. P. Rayohaxtdhxjbi and M. K. Mukhbbjee, Dacca. 

Determinations were made of the percentages of constituents of soils 
dissolved by boiling hydrochloric etcid and of the alkali-soluble silica of 
the residue after digestion with boiling hydrochloric acid. The silica- 
sesquioxide ratio of HOI extract of soils from Madras and Assam show a 
parallelism in general. The percentages of alkali-soluble silica do not 
show any regular variation down the profiles. In the case of the soil 
profiles from the Nilgiri Hills it is foimd that the greater the hei^t from 
where the soils were collected the less is the quantity of alkali-soluble 
siHca in the soil. The red soils of Assam appear to be of the dass of 
red loanli and the soils of Bcurind Tract are similar in nature to the soils 
of Assam. 
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7. Studies on the fixation of phosphates by Indian red soils. 

I. A short note on the applicability of Tmog’s method 
for the determination of available phosphates in Indian 
red soils. 

M. K. Mvkhebjbb, Dacca. 

The three widely used methods (namely Truog’s method, Dyer’s 
method and the aoetio acid method) for the determination, of avaUable 
phosphate in Indian red soils have been compared. It was found that 
any two methods bear fairly good degree of correlation (r = 1'067, 0*88, 
and 0*979). Truog’s method has some advantages over the other two 
methods ; it takes less time, the change in pH of the solution after extraction 
is least on account of its being a buffered solution and, as it gives a 
consistently higher value, it helps better to distinguish between the 
phosphate status of soils. 

8. Studies on the mineralogical constituents of some Indian 

red and lateritic soils. 

S. P. Rayohaudhubi, Dacca. 

The mineralogical constituents of the fine sand fraction of some 
profile samples of red and lateritic soils of India have been determined 
with the help of a petrological microscope. The fine sand fractions were 
separated into three sub -fractions, viz., heavy (sp, gr. >2*9), middle 
(sp. gr. 2*9-2*66) and light (sp. gr. <2*66), which were weighed separately 
and their mineralogical compositions separately determined. 

In almost all the soils quartz particles were characterized by rough 
angular appearance, the grains being rounded by curved fractured sm*faces. 
The common ferromagnesian rock-forming minerals were represented by 
one or more species in all the soils examined, one or the other being 
present in preponderating amount. Hornblende was commonly present. 
Chlorite, an alteration product from the ferromagnesiaiee, was found in 
most of the soils studied. Biotite was occasionally found (e.g., Nilgiri 
Hills). Epidote and Garnet were frequently found in gremular form, 
whilst Tourmaline and especially Zircon, though sometimes fragmentary, 
showed crystalline forms. 

Iron ore minerals like haematite, limonite and magnetite were present 
in all the soils examined. With regard to the percenter of the ferrb- 
silicate group of minerals in the various soil seunples, the soils of basic 
igneous origin were naturally the richest. The mineralogical constituents 
of the soil types examined, except from those of Bengal, were, however, 
much similar. 


9. Grey and fired soils as soil improvers on normal and eroded 
land. 

A. SEBBNiVASAif, Indore. 

The grey soil that occurs alongside naUahs and in low-lying areas 
adjacent to black cotton tracts in Malwa has been found to be a good 
soil improver for cotton growth. In replicated and randomized experi- 
ments with this soil appli^ to small plots in a well-drained field, it was 
observed that replacement of the surface six inches of field soil by half 
the quantity of grey soil resulted in an increase of over fifty-five per cent 
in the yield of kapas. Replacement in full and with one-eighth quantity 
of grey soil increased the yield by 47 and l8 per cent respectively over 
the imtreated control soil. 

In cm eroded field similar replacement in full of the surface six-inch 
layers of small plots by grey soil gave nearly six times the ^ield of cotton 
c^ compared with the untreated plots. Replacement with one-ei||^th 



248 


Proc. 28 th IMXj. : Part III : Abstracts, 


( 4 ) 

quantity of gi^ soil gave three tiihee the yield. Similat treatment of the 
Burfhoe layers with l&lf the quantity of fired soil gave about twice the 
yield while application of fir^ soil in trenches along rows four inches 
apart was only 8 %htly though definitely better than the control. 

There is evidence to suggest that treatments with fired and grey 
soils improve the structure of field soil. 


10. Beolamation of water-logged and eroded soils for cotton 
cultivation. 


A. Sebbnivasan, Indore. 

Kharif crops do not succeed well in fields which are subject to severe 
erosion and water-logging during rains. Trials have shown that treatment 
with manures does not also give beneficial response in such fields. In a 
preliminary small plot experiment (replicated and randomized) with soil 
unprovers such as ferrous sulphate, superphosphate and poteussium 
sulphate either alone or in combination with ammonium sifiphate or 
compost, it has been observed that a successful cotton crop can oe grown 
provided protection from surface wash and rise of subsoil water is ensured. 
In a badly eroded and water-logged field an acre yield of 278 lbs. of seed- 
cotton was obtained. The effects due to sulphate of ammonia and 
compost (at 60 lbs. nitrogen per acre) were highly significant over no 
manure. Oompost gave 18*2% increase and ammonium sulphate 32*8%. 
The latter was significantly superior to the former. 

11. Gypsum and potassium permanganate as soil improvers on 

eroded land. 

A. Sbbbntvasait, Indore. 

Previous trials with cotton on eroded fields having shown that 
the application of superphosphate gives consistently favourable response, a 
randomized and repUoated small plot test was carried out with a view to 
ascertaining whether the beneficial effect of superphosphate was due to its 
gypsum or phosphate component. Superphosphate at 25 lbs. P 2 O 5 
per acre or an equivalent amoimt of gypsum was applied along with 
ammonium sulphate used at the rate of 50 lbs. nitrogen per acre. 
Applications were made either at commencement before sowing or in 
August or in two equal instalments before sowing and in August respec- 
tively. The results showed that the time of application did not 
significantly alter the yield. Also, calcium sulphate h^ no effect on the 
ammonium sulphate while superphosphate definitely increased the yield 
thus suggesting that the effects of the latter was probably due to its 
phosphate. 

In another replicated small plot test it was observed that treatment 
of eroded land with potckssium permanganate at 100 lbs. per acre signifi- 
cantly increased yield of cotton over imtreated plots, the best improvement 
being obtained when applied in two equal instalments before sowing and 
in August respectively. The increase in the yield thus obtedned was nearly 
equal to that brought about by treatment with ammonium sulphate at 
50 lbs. nitrogen per acre. The response to permanganate treatment may 
be due to : (i) an inmrovement in the physical properties of the soil, 
(ii) better oxidation of soil oiiganic matter, or (iii) Itoth the causes. 

12. Fire-heated soil for field crop of cotton. 

A. Sbbbnivasak, Indore. 

Application of lightly fired black soil along plant rows improves 
growth ilul inereases yield of the cotton crop in Malwa. Best results 
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are obtained when tbe fired soil is applied at the bottom of trenehes along 
alternate rows of cotton, the yield increase in seed cotton being 25 per cent 
over the untreated plots. Similar application along every fourth row 
gives an increased yield of about 8 per cent while application along every 
eighth row does not show any difference from the controls. 

A simple technique of preparing fired soil has been evolved and is 
described. 

13. Surfacje soO thickness and cotton development. 

A. Sbbbnivasan, Indore. 

The thickness of the productive surface layer differs appreciably 
between rich and poor fields of the same soil type. Beplicated tests have 
been carried out on a well-drained and a poorly drained field to ascertain 
the depth of the surface soil which it is essential to conserve in order to 
ensure optimum cotton development. The results have shown that 
addition of loose, surface soil from the same field increases the yield of 
cotton in both the fields but whereas in the well-drained field, there is 
no significant difference in yield for additions of 2' thick layer and over, 
the poorly drained field shows increasing differences in yield with 
increasing additions of surface soil, an addition of a five inch thick layer 
giving the maximum yield increase. 

Addition of surface soil imported from a nearby rich field also 
increases the yield of cotton in both the fields, the increase being more 
with a five inch thickness than with a two inch thickness. But importation 
of surface soil is not superior to ciddition from the same field and hence 
not profitable. 

These results are important and bear out the value of the conservation 
of surface soil achieved by erosion control. 

14. Examination of certain white patches on gorat soils. 

C. C. Shah and D. K. Patel, Banroda. 

White patches are often seen on the alkali lands at several places in 
Gujrat. Such patches have been investigated and it has been shown 
that the white material on the surface has a very high percentage of total 
soluble salts. The barrenness of such patches can be cured by deep 
cultivation and application of farm yard manure. 

15. Sodium carbonate treatment of canal beds for minimizing 

seepage of water, Part II. 

M. R. Nayab and K. P. Shxjkla, Lucknow. 

The investigations reported last year (vide Indian Science Congress 
Proceedings, Fart HI, 1940, page 210) were continued and the following 
conclusions eurrived at: — 

(1) The permeability of soils to water is facilitated by : (a) low clay 
content. (6) high exchemgeable calcium, (c) presence of organic xnatter, and 
(d) presence of calcium carbonate. 

(2) A method of getting over the first factor is to employ a lining 
mixture containing a bdgh proportion of clay. This has been successfully 
carried out and even a sandy soil has been made practically impermeable. 

(3) Sodium carbonate treatment replaces the exch. calcium with 
sodium, thus converting the soil into sodium soil which is iifipermeable. 
95 jbo 100% of Ga is replaced by the use of 6% sodium oarbonate on the 
weight of soil. 

(4) Sod. carbonate is effective in preventing percolation of water in 
soils containing humified organic matter. In percolation tubes the 
organic matter slowly moves downwards and forms an impermeable 
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dark coloured rmg or disc, preBiunahly of sodium humata and other 
precipitated colloidal matter. 

(5) The efiGsot due to the presence of calcium carbonate can be 
counteracted to some extent by addition of sod. carbonate, but not 
completely. 

(6) Small-scale field experiments in guls have shown between 76-80% 
reduction in seepage by sod. carbonate treatment. 

16. A note on volume weight of dry soils in situ with a simple 

method for its determination. 

S. D. Nuhawan, Gibdhabi Lal, and^ Lbkh Raj Dhingba, 

Rohtak 

A method for determining the volume weight in situ up to a depth of 
four feet is described. It consists in hammering down an iron cylinder 
five feet long and four inches wide in sections of six inches. A thick iron 
plate with Imndles on the sides is placed at the top while hammering. A 
metallic plate with a central tube is used to avoid loose soil on the sides 
from falling into the hole. 

The results obtained by this method are always higher than those 
obtained by the Box method. Average volume weight of all profiles 
comes to 1*66, giving a weight of 943 tons per acre-six inches. The volume 
weight of the lower layers is greatly influenced by Kankar because of its 
high apparent density (2*47). However, when this factor is taken into 
account, the ‘Active volume weight* so obtained is always lower than the 
volume weight of Kankar-free layers indicating thereby the loosening 
effect of Kankar, This factor together with large pore size and poor 
water-holding capacity, is expected to have a great influence on moisture 
distribution. The results of moisture determinations indicate this aspect 
clearly. 

17. A modification of Olsen’s method for the estimation of 

ammoniacal and nitrate nitrogen in soils. 

S. D. Nuhawan and Gibdhabi Lal, Bohtak. 

A modiflcation in the titration procedure of 01sen*s method and 
its comparison with the usual method are reported. The required amount 
of 6% boric acid solution is pipetted into the receiver and distillation 
carried on as usual. Due to its very weak acidity, boric acid does not 
interfere in the direct titration of the absorbed NH3 with N/50 acid using 
cochineal or methyl orange as indicator. Kesiflts obtained indicate 
a fairly close agreement with thausual back titration method, although the 
results by the direct titration method are slightly higher. The principal 
advantages of the modiflcation are: — 

1. It does away with N/60 ISTaOH. 

2. Boiling of the distillate is dispensed with as COo dissolved in 

the distillate does not affect titration with acid. 

3* Sucking back of a sample during distillation does not spoil the 
result for that sample as it can again be distilled using 
more boric acid. 


18. Comparative study of the nature of soils under some trees 
of economic importance in South India* 

M. R. Bhimasbka Rao and B. Sanjiva Rao, Bangalore. 

Examination of lipifiles of soils from under Tamarindua indusa^ 
Mttngifera indica miA F^ngamia glabra has shown that the soil under 
Tammndku indioa hiSi lunrkedly higher carbon content and base exchange 
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capacity than those under the other two. Humus formation under 
Tamarindua indioa takes place under favourable conditions owing probably 
to the high calcium content of its leaves. 


Study of Crops and Crop Products 

19. Competition in mixed cotton crops, 

V, G. Panse and K. Bamiah, Indore. 

Several indigenous crops are mixtures of varieties and even of species. 
The local cotton in Central India is a mixture of Upland (Q, hirautum) and 
deai (O. arhorewn var* neglectum) t3^pes. Crop census studies have shown 
that the two components are in a stable equilibrium and the proportion 
of the components is characteristic of the tract in which the crop is 
cultivated. 

Grown in pure culture, the Upland cotton suffers from diseases and 
gives a poor yield. To explain the causes of its continued survival in 
the mixture, in spite of this apparent disadvantage, experiments are in 
progress at the Institute. In one set of trials started in 1935-36, the 
two types have been grown in different degrees of association with each 
other to study the eifects of competition. Tt has been shown that the 
Upland cotton suffers significantly less from diseases when grown in 
close association with deai. It also gives a higher yield, frequently at 
the expense of deai. It would thus appear that the advantage that 
the Upland cotton secures on account of its competition with deai in 
the mixed crop is an important factor responsible for its survival. 


20. Studies on soy bean in Sind. 

K. I. Thadani and R. T. Mieohandani, Sakrand. 

Investigations into the possibilities of cultivatiiig*' soy bean crop in 
Sind under perennial irrigation system have been carried out at the 
Agricultural Research Station, Sakrand. Several varieties have been 
tested and classified into (a) Indian (obtained from different places in 
India and (6) foreign varieties (imported from outside). 

The foreign varieties are found to have defective germination and 
are more susceptible to white ant attack than the Indian small seeded 
varieties. Under Sind conditions the life period of the foreign varieties 
is shorter than that in their original home. 

The foreign big seeded types are more subject to cross pollination 
than the Indian varieties. The mode of inheritance of flower colour has 
been determined and foimd to be governed by single factor — the purple 
colour being dominant over white. 


21 . Cultivation of sesamum- in Sind. 

B. T. MmoHAiTDANi, Sakrand. 

During recent years the cultivation of tilt an important kharif crop, 
has receiv^ a severe set back due to certain malformation and damage 
by leaf roller caterpillar (Antigckatra ap,). The area under this crop has 
decreased from pre-Barrage average of 33,000 acres to 5,000 acres in 
1939-40. The paper describes the work on this problem mainly on the 
agronomic side. It has been found that early sown crop (June to mid- 
July) suffers more from the disease and pest than the crop sown in end 
of July. Detailed notes on vegetative growth cmd fhntmg of crop in 
different sowings have been recorded and iaterpreted. Mention is made 
of the hardy s^sotiona resistant to the pest. 
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22. New rabi crop for irrigated tracts — sugar beet. 

K. I. THA.DAm and B. T. MtsoHAKOAin, Sakrand. 

With a view to investigating the possibilities of introducing sugar 
beet crop in the irrigated tracts of Sind» experiments were conducted to 
determine the range of sowing and harvesting period. The yield of topi^d 
roots and their sucrose percentages were recorded for different harvesting 
dates hx different sowings. The results indicate that the crop sown during 
end of September and whole of October can profitably be harvested from 
the beginning of March until end of April beyond which the crop cannot 
be kept on the land due to high temperature prevailing at that time. 

23. A manurial experiment on sugarcane: the interactions of 

nitrogen, phosphate and potash at Jorhat. 

H. K. Nandi, L. N. Phttkan, and H. N. Pal, Jorhat (Assam). 

A manurial experiment on sugarcane was carried out with all possible 
interactions of nitrogen, phosphate and potash at three levels each, viz., 
no nitrogen, 80 lbs. nitrogen and 160 lbs. nitrogen per acre applied m the 
form of cowdung; no P2O5, 60 lbs. P205 and 120 lbs. P2O5 per acre applied 
in the form of algerian phosphate and no K2O, 75 lbs. K2O and 150 lbs. 
K2O per acre applied in the form of sulphate of potash. The experiment 
was conducted with Poj. 2714, the standard cane of the station in con- 
founded design with partial confounding of some second order interactions 
and with three complete replications of the main treatments. 

Both the doses of nitrogen gave significantly higher yields over no 
nitrogen. The higher dose of 160 lbs. mtrogen per acre gave a significant 
increase over 80 lbs. but the increase was not proportionate to the dose. 
The responses due to phosphate and potash were comparatively less but 
both the doses gave significant increases over no application. In both 
cases, the increased yield due to the higher dose was not significamt over 
the lower dose. Phosphate acted best with no application of nitrogen. 
Potash gave steadier increases under almost all conditions. The quality of 
juice was more or less uniform under all treatments. 

24. On planting and eartbing up of sugarcane at Jorhat farm. 

H. K. Naitdi, H. N. Pal, and L. N. Phukak, Jorhat (Assam). 

Two experiments, one with plant canes of P.O.J. 2878 and the other 
with first ratoon canes of the same variety in the following year, on 
planting and earthing of sugarcane carried out at Jorhat Farm in the 
same block with the same number of replications and the same split-plot 
design, are discussed. ( 

Under the conditions of these experiments planting in trenches 
(9 inches deep) produced a sigi^cant increase in yield of stripped canes 
(3*34 tons ^r acre) over planting in fiats (trenches 3 inches deep) while 
with regard to residual effects in mtoon canes, planting m trenches gave 
an increase of 2*6 tons per acre over plcuiting in flats, the difference 
approaching significance. As for e£ui>hin^, differences in yields in plant 
canes were not significant but in ratoon canes the increase (6*38 tons 
per acre) produced by earthiog twice over *no earthing’ was significant. 
Earthing twice therefore was decidedly the best for ratoon ccmes. Further, 
this gave juice with highest percentage sucrose in both oases. 

25. Utilization of the waste products of the sugar industry in 

the cane fields. 

B. C. SsTVASTAYA and K. Aswath Naaain Bao, Cawnpoie. 

Large qjoantities of filter press cake, cane trash and, in some factories, 
bagasee also which have become available as a consequence of the dev^op- 
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ment of sugar mdustry is India are at present unutilized. They contain 
valuable znanurial ingredients like pota^, calcium, phosphate, nitrogen 
and organic matter; application on the cane fields in the form of compost 
would obviously be the most suitable use for them. In order to determine 
the best method which can profitably be adopted by sugar factories and 
attached farms, different metnods of composting with suitable modifications 
have been tried with these waste products. Conditions for preparing a 
satisfactory compost with little expense have been worked out. 

26. On certain floral characters in sugarcane — ^11. 

N. L. Dtm, M K. Kmshnaswami, and K. S. Sttbba Rao, 
Coimbatore. 

Continuing the above studies the authors devoted their attention 
to the time elapsing between the initiation of the rudiments and the full 
formation of the irfiorescenoe. In the few early fiowering varieties that 
were studied this period was about 51 to 56 days and in the late fiowering 
varieties it was much less and ranged from 28 to 31 days. 

At its inception the arrow rudiment has a dome -like appearance and 
on this longish hexagonal structures appear later. Each of these hexagonal 
structures gives rise to the pedicellea spikelet. Later, sessile spikelets 
arise from the base of the rudmaentary spikelets. In the early stages the 
pedicelled spikelets grow faster, the sessile spikelets overtaking them later. 
This occurs in varieties in which the sessile spikelets open first. In 
S. aporUaneum the sessile spikelets always lag behind in growth. The 
anthers are initiated earlier than the pistil. 

As regards the size of the fully-formed spikelets, these were the 
shortest and narrowest in 8. officimurum and longest and widest in 8, 
bodrheri, 8. robustwm and 8. aporUcmetim occupy an intermediate position. 

Data from over eighty varieties revealed no correlation between the 
length of an arrow and the number of whorls borne on it. 

• ^ 

27. New sugarcane seedlings for Orissa. 

V. K. Badami, Cuttack. 

The coastal tract of Orissa, especially the delta of the Mahanadi 
river, is rich in wild species of 5occ^omma. A new trailing form of 
8. aporUaneum with sweet stems and a gigantic form of 8, amndariaceum 
have been recently noticed in Orissa. The weather conditions from 
November to January are quite conducive to sugarcane to fiower and set 
seed in abundance. A large number of Coimbatore seedlings produce 
seeds freely. The silt-sandy soil with the cool weather during January 
seems to be very suitable for raising seedling on a large scale at a com- 
paratively small cost. Subsequent planting and rearing are easy 
operations. 

Numerous exotic canes €tnd Coimbatore seedlings have been tested 
during the last twenty years. In Orissa there was practically no cane 
cultivation before the advent of Coimbatore seedlings. It is now fast 
becoming self^-sufficient and over 35,000 acres are imder cultivation. 
There are two sugar factories working. "But the quality of the canes is 
very imsatisfactory. The popular ccmes now are Co. 213, Co. 513, Co. 421 
and Co. 419. ’They give fair yields of 500 to 700 mds. per acre but the 
sugar content is low and the glucose is high. Only rab is prepared and 
stored in pots. 

During 1939 over 2 million seedlings were* raised from sell-set seeds 
€uid over 30,000 seedlings were grown to maturity under the most trying 
conditions. A very high standard of selection was adopted. Only tnose 
that had a vigour equal to Co. 421 and had rich juice of over 21*0% 
Brix were out and p]^ted. In the breeding-plots there are now nearly 
1,200 selections superior to Co. 421. Against 16-18% sucrose and over 
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0*6% glucose in Co, 421, there are now available seedlings having as 
much as 22% sucrose and 0*2% glucose. In addition their agricultural 
and milling qualities are goo<l. The performance of these new seedlings 
as out canes is full of promise. Further work is in progress. 

Since all canes imported from the south, either from Mysore or 
Coimbatore do not ripen well and produce rich juice with a low glucose 
content, it is very necessary to breed new canes in northern latitudes 
to suit the deltaic and sub-tropical conditions. Seedlings produced here 
can be easily transported to other cane growing areas in a day or two for 
planting. It is considered that raising large numbers of seedlings under 
local conditions and making selections out of them would lead to more 
promising results in Northern India. 

28. Speotrom analysis of mineral contents of fruit parts. 

L. SiBAiTA, Bangalore. 

Using a high frequency spark discharge of the type employed by 
Walther Gerlach and Werner Gerlach in their study of biological specimens, 
the mineral contents of certain fruits — ^Uke mangoes, plantains, grapes, 
oranges and apples — ^have been investigated spectroscopically. It has 
been shown that the mineral content differs in different parts of the same 
fruit and that generally, the outer covering of a fruit is richer in calcium, 
magnesium, manganese and silicon than the inner pulp. 

29. Note on the effect of polishing on the cooking qualities of 

rice. 

C. B. Sbikivasa Ayyakoab and C. Bajasbkbaba Mubauab, 

Coimbatore. 

Some preliminary experiments conducted to determine the extent 
to which rice could be polished with maximum expansion on boiling and 
minimum loss of nutritive substances, are described in this paper. 

Two varieties, one with red rice and another with wMte rice, were 
polished for varying periods, two to ten minutes. Maximum expansion 
on cooking was obtained by polishing the grain for two to four minutes 
resulting in the removal of about 1*5 to 3 per cent of the bran. Chemical 
analysis of the same samples revealed that polishing up to five minutes 
did not appreciably affect the chemical composition. 

In a second series of experiments, the cooking values of shelled and 
polished (two minutes) samples of 18 varieties were determined. Cooking 
of sh^ed rice resulted in uneven expansion giving a rather pasty mass. 
Slight polishing (removal of 2 to 3 per cent of the bran), however, definitely 
improved the cooki^ qualities. In the latter ccuse the exj^nsion was 
uniform and the grains maintained their shax)e. It is concluded that the 
optimum cookii^ qualities, retaining almost all the food principles can be 
obtained by polishmg shelled rice to a slight extent. 

30. Malting quality of ragi. 

S. Sbinivasa Bao and B. N. Sastbi, Bangalore. 

Seven commercial strains of ragi, Eleudne coracana, three from Mysore, 
and four from Coimbatore, have been examined for their malting charac- 
teristics. A complete laboratory equipment for experimental malting 
and kilning b^n made and t^ has rendered possime the examination 
of a large nuhiber of specimens under standard experimental conditions. 
Suitable analytical standards for ragi malt have been fixed and from a 
physical amd chemical examination of the ragi aaad the malt derived 
theore&om, it has been possible to evaluate its malting quality. Our 
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studies have revealed that H 2 S, the strain evolved by the Mysore Agricul- 
tural Department, meets most of the requirements of malting. 

31. Nutritive value of trichoaantheusdiocea (Parwar). 

C. C. Shah and B. M. Patel, Baroda. 

A full analysis of the vegetable has been made. This vegetable 
contains a high percentage of ash and proteins. Its contents of carotene 
and vitamin 0 are also high. There is however no reason to believe that 
the high price of this vegetable is associated with any special nutritive 
constituents. 

32. Future of cloves in India. 

V. K. Badami, Cuttack. 

At present Zanzibar and Dutch East Indies enjoy the monopoly of 
clove cidtivation. A survey made by the I.C.A.R. shows that certain 
areas in Southern India, e.g. Travancore, Nilgiris and Mysore are suitable 
for its cultivation. Difficulties in raising seedlings and enormous casual- 
ties in newly -laid gardens have checked the extension of clove cultivation 
in India. 

The writer published the results of certain experiments on the 
germination of clove seeds in 1938 as a bulletin of the Agricultural 
Department of Mysore. He had stated there the possibilities of grafting 
cloves on other Eugenios, The present paper deals with the grafting 
experiments conducted in Orissh in 1940. 

During the Monsoon between May 15th and August 15th inarching 
of clove plants was made on several Eugenios when the temperature 
varied between 86°F. to 100®F. and the humidity between 85 to 90%. 
The seedlings of both the cloves and stock plants were hardly ^ inch 
thick, and were plaeed in a well -lighted low -roofed thatch^ shed. 

After inarching, the region of contact was protected by a bandage of 
clay and cowdung mixtine. Gunny thread was used for binding. Within 
four weeks union of the two cambiums was complete. After October 
the shoot of the stock was removed and the severance was made gradually 
in the course of a month. Over a himdred grafts are now ready 
for planting. 

The stocks that have given successful results are : — 

Rose apple— Eugenia jambos, Jom — ^Eugenia jambohuia, Jomrtd — 
Eugenia alba {E, javonioo Lamk.) and Eugenia aqua. 

In Orissa Joms cmd Rose apples grow exceedingly well and they 
resemble the clove plant very much. As the Rose apple is a vigorous 
quick growing plant and withstcuids the rigors of the stiff soils, it has 
been used for grafting on a large scale. The indications of the experiments 
are that by grafting on Eugenias, suitable to the locality, the vagaries of 
soil conditions can be removed, and by attending to other requirements 
of clove, it can be successfully grown in several regions of India. 

33. Bael as a source of hardy stock for oranges. 

V. K. Badami, Cuttack. 

In the stiff water-logged soils of the Mahanadi delta, orauM take a 
good start, give promising hopes but die out in large numbers Just when 
they begin to bear. When the roots reach the stiff clay sub-soil the tragedy 
begins. Grafts are usually made on jcmberi or sour oremge st^ks. 
Evidently the root systems of the stock plants cannot withstand the 
hard conditions. 

Aegle marmehe (Bael) grows well on dry or stiff soils and seems to 
stand even water-logged condition for a long time. Oultivated fprms 
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m>w well even on the plains. Some of the fruits are of oonsiderable size. 
Possibilities of utilizing bael as a stock plant were explored during the 
year and scores of sucoeissful grafts have li^n made. 

A year old seedlings were used as stocks on which the oranges were 
inarched. Within thr^ to four weeks* during May to August* the 
cambiums unite and the grafts are ready for separation. It is however; 
better to leave the grafts to harden till Octol^r and then sever them 
gradually. Both the Santraa and Mosambic types can be easily grafbed 
in this way. 

It is now proposed to plant the bael seeding in *situ* in the garden 
and to inarch the required varietv on the seedlings during the monsoon. 
Scores of grafts are ready now tor planting and their progress will be 
watched. 

Plant Breeding, Genetics and Cytology 

34. Inheritance of height of plants in Sail paddy. 

H. K. N.urDi and P. M. GAiroTrLi, Jorhat (Assam). 

The height of paddy plants is a genetioal character although it is 
very much influenced by environmental conditions. The height has 
been found to vary from about 90 to 180 cm. in the 272 types of Sail 
paddy studied at the Karimganj Farm. Several crosses were tried between 
tall and dwarf t 3 q)es of paddy. In all of them tallness was found to be 
dominant over dwarflshness, except in the cross described in the paper* 
where a dominant dwarf type of paddy was involved with a simple 
monogenic segregation in F 2 . 

36. Variability in Boro paddy. 

Pi M. Ganguu and J. L. Sbk, Habiganj (Assam). 

Boro or spring paddy is one of the main crops of the low-lying areas 
in the Surma Valley* specially Sunamganj and North Habiganj. Along 
with deep water Aman, it covers almost the entire area rmder cultivation 
in these tracts. The paper summarizes the studies in spring paddy, 
classifled on the basis of their important botanical characters. The 
variability in some of the quantitative characters* such as* length and 
breadth of paddy and rice, weight per 1*000 grains of paddy* height and 
the number of tillers per plant* flowering duration* length and number 
of grains per panicle and the sterility percentage of grains has been studied 
for each of the classes separately. The paper ci&cusses the variations 
noticed between and within the classes for all these characters. 

36. Intra-relationship of some plant characters with the yield 
of Boro paddy. 

P. N. Ganouu and J. L. Sen* Habiganj (Assam). 

The intra-relationship of the height of tillers* the length of panicle 
aid the number of grains per panicle with the yield of Boro paddy was 
studied in the Rice Experiment Station* Habiganj (Assam). The following 
facts have emerged from this study: — 

(1) The height of tiUmi* length of panicle and the number of grains 
per p^cle a pure line are individually and severally correlated with 
the yield, lii’' every case the correlation coefficient is a positive one. 

(2) The intra-relationships of the height of tillers and the number 
of grains per panicle with the yield are wea^r than that of the length of 
panicle and the yield. 
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(8) For ev^ unit mcrease in the height, len^h of panicle and the 
number of grains per panicle the yield moreases by *041, *85 and *082 
req)eotively. 

(4) For increasing the yield a unit increase in the length of panicle 
is more efTective than a similar increase in the height of tillers or the 
number of grains per panide. Again, a unit increase in height can raise 
the yidd higher thw a similar increase m the number of grains per panicle. 


37. Inter-Bpecific hybridization in Oryza. 

C. B. Sbinivasa Ayyanqab, N. Pabthasabatht» and 
K. Bamaswami, Ck)imbatore. 

Hybridization of cultivated rice (O. ecOiva) with various wild epecies of 
Oryza wasone of the items in the breeding programme of the Paddy breeding 
Station, Coimbatore, for rice improvement work in the Madras Presidency. 
This paper deals with (1) the success obtained in the evolution of economic 
strains in the progenies of the cross (GEB. 24) O. aaHva X O. Umgu 
stcmUnata; (2) the building up of a tri-specific hybrid: O. saiiva (n « 
12) X O. officinalia (n === 12) X O. eichingheri (n » 24), based on the study 
of the meiosis of O. aaUva x O. ojJUdnaUs, 


38. A new type of variegation in rice. 

B. P. Pal and S. Bamakujam, New Delhi. 

A new type of variegation is described. The variegated plants have 
fine stripes of green and white on the stem, foliage and glumes. They 
are weaker than the green plants with narrower leaves and poorer seed- 
settiog. 

The variegated plants when selfed give rise to vari^fghted plants and 
albinos in varying proportions; but when crossed reciprocally with 
green plants, give rise to normal greens in the generation. 
Heterozygous green plants segregate into greens and variegates in the 
ratio of 3 : 1 ; no albinos are present in the progenies. 

The breeding behaviour of variegated plants in selfed and crossed 
progenies has shown that variegation is a mendelian recessive to green 
but albinism is transmitted only maternally. 

39. Some interesting features in a cross between a purple 

and a green coloured variety of paddy. 

' P. D. Dixit, Cuttack. 

A cross was imdertaken in 1937-38 with the object of evolving a 
white riced good quality paddy having a purple colour in vegetative and 
fioral parts, as a help in the ere^lication of wild paddies. The purple 
parent was a type fixed from the variety Lenkapuri having red rice. The 
green parent from which poUen was taken was a selection from the variety 
Bayahunda with white rice. The Fi plant was entirely pmple as expected 
but the rice colour was white instep of red. The size ox grain did not 
resemble either parent beii^ shorter in length but broader than both the 
parents. The F 2 generation consisted of 203 plants. All the plants 
were completely purple like the purple parent and had white rice as 
that of the green parent. No plant with red rice appeared even in the Ff 
generation. There was segregation in the size and colour of grain. F^ 
generation is imder study. 

X7 
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nrov well even on the plains. Some of the fruits are of considerable size. 
Possibilities of utilizing bael as a stock plant were explored during the 
year and scores of successful grafts have been made. 

A year old seecUings were used as stocks on which the oranges were 
inarched. Within three to four weeks, during May to August, the 
cambiums unite and the grafts are ready for separation. It is however; 
better to leave the grafts to harden till Octol^ and then sever them 
^adualiy. Both the Santrcbs and Mosambic types can be easily grafted 
in this way. 

It is now proposed to plant the bael seeding in *8itu* in the garden 
emd to inarch the required variety on the seedlings during the monsoon. 
Scores of grafts are ready now for planting and their progress will be 
watched. 

Plant Breeding, Genetics and Cytology 

34. Inheritance of height of plants in Sail paddy. 

H. E. Naitdi and P. M. GAirouiii, Jorhat (Assam). 

The height of paddy plants is a genetical character althoi^h it is 
very much influenced by environmental conditions. The height has 
been found to vary from about 90 to 180 cm. in the 272 types of Sail 
paddy studied at the Karimganj Farm. Several crosses were tried between 
tall and dwarf types of paddy. In all of them tallness was found to be 
dominant over dwarflsh^ss, except in the cross described in the j^per, 
where a dominant dwarf type of paddy was involved with a simple 
monogenic segregation in F 2 . 

35. Variability in Boro paddy. 

Pi M. Ganouli and J. L. Sbn, Habiganj (Assam). 

Boro or spring paddy is one of the main crops of the low-lying areas 
in the Surma VaUey, specially Sunamganj and North Habiganj. Along 
with deep water Aman, it covers almost the entire area under cultivation 
in these tracts. The paper summarizes the studies in spring paddy, 
classified on the basis of their important botanical characters. The 
variability in some of the quantitative characters, such as, length and 
breadth of paddy and rice, weight per 1,000 grains of paddy, height and 
the number of tillers per plant, flowering duration, length and number 
of grains per panicle and the sterility percentage of grains has been studied 
for each of the classes separately. The paper discusses the variations 
noticed between and within the cleutees for all these characters. 

36. Intra-relationship of some plant characters with the yield 

of Boro paddy. 

P. N. Gangxjli and J. L. Sbn, Habiganj (Assam). 

The intra-relationship of the height of tillers, the length of panicle 
aid the number of grains per panicle with the yield of Boro paddy was 
studied in the Bice Experiment Station, Habiganj (Assam). The following 
facts have emerged from this study: — 

(1) The height of tiUers, length of panicle and the number of grains 
per p^cle in a pure line are individually and severally correlated with 
the yield. In every case the correlation coefficient is a positive one, 

(2) The intra-relationships of the height of tillers and the number 
of grains per panide with the yield eae weSker than that of the length of 
panide and m yidd. 
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(3) For every unit inorease in the height, len^h of panicle and the 
number of grains per panicle the yield increases by •O^, *85 and *023 
respectively. 

(4) For increasing the yield a unit increase in the length of panicle 
is more effective than a similar increase in the height of tillers or the 
number of grains per panicle. Again, a unit increase in height can raise 
the yield higher thw a similar increase in the number of grains 'p&r panicle. 


37. Inter-speoifio hybridization in Oryta. 

C. B. Sbiniyasa Ayyanoab, N. Pabthasakathy, and 
K. Bamaswami, Coimbatore. 

Hybridisation of cultivated rice (O. satwa) with various wild m^ies of 
Oi^sawasoneof the items in the breeding programme of the Paddy Breeding 
Station, Coimbatore, for rice improvement work in the Madras Presidency. 
This paper deals with (1) the success obtained in the evolution of economic 
strains in the progenies of the cross (G£B. 24) O. aativa X O. longi- 
8taminata\ (2) the building up of a tri-s^cific hybrid: C. aativa (n » 
12) xO. ojgicinalia (n = 12) xO. eichingh^ (n = 24), based on the study 
of the meiosis of O. aativa x O. officincUia. 


38. A new type of variegation in rice. 

B. P. Pal and S. Bamanttjam, New Delhi. 

A new tjrpe of variegation is described. The variegated plants have 
fine stripes of green and white on the stem, foliage and glinnes. They 
are weaker than the green plants with narrower leaves and poorer seed- 
setting. , ^ 

The variegated plants when selfed give rise to variegated plants and 
albinos in varying proportions; but when crossed reciprocally with 
green plants, give rise to normal greens in the F^ generation. 
Heterozygous green plants segregate into greens and variegates in the 
ratio of 3 : 1 ; no albinos are present in the progenies. 

The breeding behaviour of variegated plants in selfed and crossed 
progenies has shown that variegation is a mendelian recessive to green 
but albinism is transmitted only maternally. 


39. Some interesting features in a cross between a purple 
and a green coloured variety of paddy. 

' P. D. Dixit, Cuttack. 

A cross W€W3 undertaken in 1937-38 with the object of evolving a 
white riced good quality paddy having a purple colour in vegetative and 
floral parts, as a help in the eradication of wild paddies. The purole 
parent was a type flxed from the variety Lenkaptiri having red rice. The 
green parent from which pollen was taken was a selection from the variety 
Bayahunda with white rice. The plant was entirely pmple as expected 
but the rice colour was white insteaa of red. The size of grain did not 
resemble either parent being shorter in length but broader than both the 
parents. The F 2 generation consisted of 203 pkmts. All the plants 
were completely purple like the purple parent and had white rice as 
that of the green parent. No plant with red rioe appeared even in the Fg 
generation. There was segregation in the size and colour of graix^ Fg 
generation is tmder study. 

17 
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40. A sugary mutant in pearl millet (Penwiseium typhoideum). 

Z. H. Patbl, Palitana. 

In oertain oroaaes in Pearl Millet, Afrioem variety, meant for the study 
of the inheritance of chlorophyll characters, a mutation occurred which 
had besides the ordinary starchy grain, another t 3 rpe with deeply wrinkled 
seeds appearing in the same earhead. The latter seeds were sweet to 
the taste and had endosperm with glassy structure. Actual counts of 
the two types of grains in the earhe^ gave 1,742 starchy to 825 sugary 
grain; when these were grown separately in the following year, all the 
sugary seeds bred true to the character and^ of the starchy grain some 
bred true to starcdiy while others segregated in the same way. 

The plants from the sugary seeds give earheads sightly smaUer 
than the normal and the seeds are about 80% of the weight of the normal 
starchy seed. 

Further, breeding of the heterozygotes gave highly varying ratios 
between starchy to sugary seeds ranging between 1*4 ; 1 to 3*12 : 1, 
and there was always an excess of the sugary grain beyond what a simple 
recessive should warrant. In oertain other natural crosses where also 
this character was appearing, the sugary grain, unlike the above cross, 
was in defect. The general behaviour of the sugary mutation in this 
crop appears to resemble in all respects with a similar mutation in maize 
and has been designated by the symbol au. 


41. A new gene afifecting anthocyanin pigmentation in asiatio 
cottons. 


K. Ramiah and Bhola Nath, Indore. 

A new member of the R 2 series of alleles controlling anthocyanin 
pigmentation in asiatio cottons first observed in a South Indian type 

called teUapathi is reported. It resembles the B 2 fl'llele m that the petal 
spot is present and differs from it in the absence of leaf spot and pigmenta- 
tion in anther filaments. Pigmentation in the stem is much less than in 
AS 

the B 2 fbe pigment being suppressed altogether imder certain 

conditions, but can easily be differentiated from teUapcOhi plants. The 
AS 

symbol B 2 is assigned to the new allelomorph. 

The relationship between plant-body pigmentation and petal spot 
is discussed and evidence is presented to show that there is no crossing-over 
between the two and they are therefore controlled by components of the 
same gene. 


42. Further studies on the Punjab hairy lintless gene in cotton. 
K. Ramiah and P. D. Gadkabi, Indore. 

Extensive studies on the homozygous lintless type during the last 
three years have shown that there is considerable variation in the effect 
of the gene on its viability imder different environmental conditions. 
The effects of the gene ou the compon^t parts of the leaf that control 
the leaf shape are such as to disturb normal segregation for the leaf s^pe 
character. The gene affects the growth of the plant according as- 
it is present in the bsmozygous or homozygous condition. 

17B ' 
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43. Gytologioal investigations in raya {Braaeica juncea^ Coss)» 
toria {Braeaica napw L. var. (Uchotomaf Brain) and Fj^ 
hybrid between them. 

Au Mohammad and Sawah Mad Sikka, Lyallpur. 

The paper deals with the cytology of two species of Brassica, namely 
B, juncea, Goss (raya) and B. napus L. mr. dichoUyma, Prain (toria) and 
the hybrid between them. Raya has 2n = 36 chromosomes^ which 
during meiosis synapse into in large majority of P.M.O*s. Toria 
has 2n ss 20 chromosomes, which invariably form at diakiilesis and 
metaphase 1. With the exception of a few irreguWities observed in 
rayat the whole course of meiosis in both the parental species is quite normal. 
The Fi hybrid has 2n = 28 chromosomes, conjugating^ into 
acoordmg to the Droaera scheme. Evidence is adduced to show that the 
ten bivalents in the hybrid are formed allo-s3mdetioa]ly. The bivalent 
chromosomes of the hybrid behave normc^y during the whole course of 
meiosis, but the behaviour of univalents is erratic, resulting in the forma- 
tion of gametes with hypo -diploid to diploid number of chromosomes. 
The hybrid produced only 10 per cent good pollen and formed but few 
pods and seeds. It is suggested that the functioning of the tm-reduced 
gametes may result in amphidiploids in the F2 progeny of the cross, 
some of which may be of greater economic value than the existing forms 
of Brassica. 


Crop Physiology 

44. A preliminary study on vernalization in rioe. 

S. Hedayetuhlah and N. K. Sen, Dacca. 

A highland Aua variety, Dhairal was germinated with 55<-60% 
water per dry wt. at 29 * 6 ® 0 . and the seeds were exposed to the following 
temperatures 0®C.±1®C. (Vi; Vg), 11®C.±1-5®C. (V®; VJ) and 29-5®C.+ 
1*5®C. (V5; Vfi) for 15 and 10 days respectively making 6 treatments in afl. 
Seeds of the 6 treatments were sown with a control set, 0., in earthenwcure 
pots. Weekly records of tillers, height, and the number of the topmost 
mature leaf were taken for each plant. The results are recorded below. 

Rate of ear emergence : V5 ; Vg ; /Va ; V4;/ Vi; C., / 

Av. no. of ears: Vg; /Vg; 0.,/ /Vg; ^^4? ^2; ^i»l 

Dry of wt, of grain: /Vg; VelC.;/ /Vi; Vg; ¥3; VJ ’ 


46. Influence of soil drought on growth of wheat. 

I. M. Rao, M. Afzal, and J. C. Ltjthra, Rohtak. 

The effect of soil drought of different durations and intensities on the 
injury caused and the possible recovery (when restored to normal conditions) 
as measured by the changes in the rate of growth of wheat was studied in 
pot cultures. 

In the first season wheat 8A was grown with good moisture supply 
up to 15 weeks. After stopping water^ for one week in one set and two 
weeks in another it was resumed. The rate of growth was affected 
adversely both during and after the drought of lozxg duration, t Smaller 
shoots suffered more. 

Reduction of soil moisture to different levels (10%, 8%, 6% and 5%) 
for two weeks during the vegetative period of wheat 8A (a *late* ty^) 
and 9D (a ^medium’ type) resulted in a relative decrease in the rate of 
growth of the main shoots but below 8% (4% above the wilting coefficient), 
growth stopped in both the types. T& recovery was propo^onal to thio 
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intensity of the drought. The tyjpes did not differ, apparently due to the 
difference in their growth periods. 

A similar study, conducted with wheat 9D and C. 591 (both medium 
types) indicated that recovery in 0. 591 was oomp^tively less than in 
9D. Yield of gram of both the types was proportional to the intensity 
of the drought experienced but 0. 691 suffer^ more than 9D which 
oonsistentty gave higher yields even \mder field conditions. 

Xt is possible to distingi^h between drought resistant and susceptible 
strains by similar quantitative studies under controlled conditions. 


46. Stomatal studies in 'rabi’ (winter) crops grown tinder dry 

farming conditions. 

I. M. Bao, M. Apzal, and J. C. Luthra, Bobtak. 

Following Lloyd’s technique for fixing epidermal peels, the relationship 
between stomatal characters and ’drought resistance’ was studied in 
detail in wheat t 3 rpes (9D, Own. 13, C. 591, 8A and C. 518), barley, Taramira 
{JEruca sativa) and Sarson (Brcusica campestris) when grown under dry 
farming conditions. The two oil-seed crops are known fbr their ’drought 
resistance’ compared to wheat and barley. Among the wheat types, 
9D and Own. 13 are better than the others. 

Taramira and Sarson had a larger number of smeJler stomata and 
epidermal cells, more stomatal linear units per unit area and a higher 
stomatal index than wheat and barley. 

Among wheat and barley, the difference was slightly in favour of 
wheat. The values were higher in wheat 9D and 0\im. 13 than in the 
other wheats. Irrigating the above wheat types resulted in a lowering of 
the above values. In wheat the distance between the ends of two stomata 
in a row was much less than ten times the length of the stoma which is 
the minimum spacing according to Brown and Escombe for optimum 
gas diffusion without any interference. 

The appearance of constrictions at either end during partial closure 
of a stoma in cereals resulting in three pores, a central bigger one and two 
lateral smaller ones, is interesting. 

Higher values for stomatal frequency, number of epidermal cells, 
stomatal index and stomatal linear constant are characteristic of xero- 
morphism and should help in selecting strains of crops for dry areas. 

47. Investigation on the oanses of and remedial measures for the 

‘red'leaf’ disease of cotton in Sind. 

it 

T. J. MALEAm, Sakrand. 

The increasing severity of the red-leaf disectse of the Sind American 
Cottons with the consequent adverse effect on the yield has led ;ito a 
detailed investigation of this problem. Two distinct types of red-leaf 
•disease have hS&a observed in Sind. These have been described; one 
appears to be due to insect attcbck while the other has been found 
to be due to physiological disturbances in the plant and lack of nutrition 
in the soil. It is the latter type that is mainly decUt with in this pa]per. 

It has been ascertained that this type of red-lee^ disease occurs in the 
same spots year after year irrespective of variety, sowing dates and irri^* 
tion aM the plants develop the same symj^ms in sandy areas which 
-are, as a rule, deficient in plant food matericd. 

From detailed growth observations and analysis of soil and plant 
it has been found that the disease is due to deficiency of nitrate nitrogen 
in soil and that it can be counteracted by treating the soil with eanly 
available nitrogen in the form of an artifioi^ fertilizer. 
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48. Experiments on shortening the rest period of potato tubers 

in the Punjab. 

J. C. Lttthba and GHiAS-tm-Dm Ahbiad, L 3 rallpur. 

For autumn sowing in the Punjab plains, seed-potatoes are obtained 
from other provinces at a h^h price. The seed-potatoes obtained from 
the spring crop in May and June, if stored in hills, form a useful supply^ 
for autiunn sowing. 

In the Kangra District on higher altitudes potatoes are dug out in 
September. Experiments were carried out to investigate the effectiveness 
of some chemicals imder the hot Pimjab conditions to break the dormancy 
of Kangra Local Desi potatoes thus making them fit for autumn sowing 
in the plains. 

The ethylene chlorhydrin dip treatment for whole tubers and sown 
either as such or cut gave the most encouraging results. The potency of 
the solution seemed to decrease with its consecutive uses. 

Potassium thiocyanate and thiourea also showed favourable results 
as compared to the control but these were distinctly inferior to tho 
chlorhydrin. 

More than one bud sprouted in the case of the treated lots and the 
growth of the plant was very luxuriant. The quality of potatoes harvested 
from the chemically treated sets was very satisfactory both as regards 
taste and size. More work is needed to confirm the effect of these chemicals 
on the yield. 

49. Inducing germination in fresh potatoes. 

V. K. Badami, Cuttack. 

Extension of potato cultivation in Orissa is creating an acute situation 
in the economy of the cultivators’ budget. At the time of harvest, 
potato is sold at Bs.2/- a maund but the cost of seed tuH^s at the time of 
planting goes up, between Bs.lG to Bs.20 per maund. The high summer 
temperature of Orissa is not conducive to preserve seed tubers. Often 
the rotting is more than 70%. Continuous cropping throughout the 
year and preserving the seed tuber at higher altitudes available, have not 
been quite successful. An additional difficulty lies in the poor germination 
of freshly dug potatoes without a dormancy period. 

Ethylene chloro-hydrin used in Canada has been used with some 
success. Soaking entire tubers gave poor results of 7% germination. 
Cut tubers soaked in 0*4% solution of ethylene chloro hy^in gave good 
germination of 84*6 %. Using the same solution a second time gave only 
47% germination. Third immersion gave 6% and the fourth one only 2% 
germination. Soaking in water alone as check gave about 6 % germination. 

Since mere water alone gave some resifits, a series of tests were 
made with water. Over 90% germination was obtained with the following 
method. Cut tubers were first steeped in water and at the end of every 
hour the pieces were washed and put in fresh water and the process repeated 
three times. Then the washed tubers were spread on a damp gunny cloth 
and covered over with another damp gunny cloth. In 24 to 36 hours 
sufficient cork formation takes plsrce to protect the cut surfcu^es. Such 
treated pieces planted in sand and watered begin to germinate in 6 to 10 
days time. 

Planting immediately without allowing time for cork formation is 
very da» 'ous, as over 96% of them rot. Fields planted with new 
potatoes . ted in this way have produced healthy plants^ In Kovember 
when ihe fr^ih crop is available from the hills the adoption of the above 
would greatly reduce the cost of seed potatoes by nearly half and help 
the potato cultivator to out down cost of production. 
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BO. • Effect of indole-butyric and three other acids on rooting 
of Ukhi cuttings. 

P. E. Sen, Sabour. 

A series of exrorimeiits tismg indole-butyric, indole-aoetio, phenyl- 
aoetio and naphth^a-aoetic acids indicated that (1) cuttings of the litchi 
ean be rooted to the extent of 100 p.c. by treating two-y^r wood cuttings 
with 50 to 100 milligrams of indole-butyric acid per litre for about 24 
liours; (2) a stronger solution or the same solution treated for a longer 
period hfis a relatively retarding effect; (3) one-year wood cuttings show 
a lesser response but current-year wood with or without leaf and/or tip 
•cannot initiate callus formation or rooting; (4) the period between June 
and September, i.e., when the litchi gootee is normally prepared, is the best 
season for making cuttings; (5) abundant callus formation does not 
always give rooting. 

61. Chemical stimulation to cotton growth. 

A. Srbbiovasan, Indore. 

Replicated small plot trials were carried out to ascertain whether the 
hormone )5-indolyl acetic acid (B.D.H., dilution 1 in 20,000) was likely to 
stimulate cotton growth in the field when the seed was treated before 
sowing with the chemical in different ways. The seeds soaked overnight 
either in plain water or in the solution of the hormone were given a coating 
in the usual way with a mixture of soil and dung impregnated in one 
case with the chemical. The coated seeds were then sown by dibbling. 
Half the plots were also treated with the hormone which was impregnated 
in a small quantity of screened compost. The other plots were treated 
with similar quantities of compost alone. 

Soaking in plain water gave higher yields compared to soaking in 
the chemic^. In the former case, the yield was lower when the 
coating material contained the hormone. Besides, the yields in plots 
treated with compost impregnated with the hormone were lower than 
in the corresponding plots without the hormone. These differences may 
be due to the fact that the dimg used for coating the seeds itself contains 
an activator and therefore the concentration of the hormone used has 
been toxic. Further investigation with varying doses of the hormone 
is necessary before it can be stated whether or not the hormone can be 
successfully used to stimulate cotton growth. 


Plant Diseases 

52. The Myitpo disease of paddy. 

Ashtitosh Sen, Mandalay. 

A serious disease of paddy called Myitpo (in Bmmese) occurs in one 
of the irrigated tracts of the dry zone area in Burma (Shwebo District). 
Xarge patches ranging in size from 30 to 100 ft. or more in diameter 
are formed. The plant becomes stimted in growth sometime after trans- 
plantation, turns yellow and withering and drying of leaves follow. Even- 
tually the whole plant dies. In pot experiments with soils from two 
Myitpo affected areas considerable responses have been obtained to the 
application of soluble phosphate and particularly to phosphate and 
nitrogen given together. 

£i fidd experiments, full confirmation of the above results has been 
obtained. Furthermore, the application of niciphos is found to cure 
the disease. Since nitrogen alone heus practically no effect in the most 
siffected a|ea, the fertilizer should have a wide instead of a narrow N : F 
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ratio. Pure dioaloium phoE^hate gives no response. A few trace elements 
B, Mn, Zn, Oo, Al, Fe, Ab, Sb, Ag, Od, V, Sn and Sr also give no 
response. Speotrographio analysis reveals no difference in the presence 
of minor elements betw^n the MyUpo affected and the adjacent normal 
plants or soil. There is a considerable accumulation of P 2 O 2 in the 
root of the affected plant at the time the disease sets in indicating thereby 
that the affected plemt is able to obtain sufficient P 2 O 5 from the soil for its 
requirements but it is unable to utilize it. In the light of the above results 
and from the general experience of the cultivators in the area that MyUpo 
does not occur in the same field every year and that early and fair distri- 
bution of rainfall tends to prevent the disease, it is suggested that MyUpo 
is probably caused by a biological agent which is effectively controlled by 
the application of a soluble phosphatic manure. 

63. The wilt disease of coriander (Coriandrum saiivum) in the 
Gwalior State. 

G. S. Kulkabni, Gwalior. 

The coriander crop in the Gwalior State, especially in the Guna 
District suffers from a severe attack of Wilt disease. The destruction 
caused by the disease is at times so great as to wipe out the crop com- 
pletely. Losses amounting to 50 to 60% are very common. In money 
value the total annual losses amoimt to more than five lacs of rupees. 

The caiisal organism examined in the majority of infect^ plants 
has been found to be a Fusarium though occasionally a Bhizoctonia 
is also met with. The disease is not found in other crops that are 
usually grown in the tract, viz., maize, jowar, wheat, peas, lentil, methi 
and rajagira. 

The disease is being studied with regard to the pathogenicity of the 
fungus and various environmental conditions, such as temperature, 
humidity, time of sowing the crop, etc. Control n^easures with a view to 
evolving resistant typos are also in progress. In the previous season 90 
selections have been made. These, together with the samples of seed 
obtained from Lyallpur, Dharwar, Coimbatore, Khatmandu and Mandale 
will be sown and their progenies tested for resistance. 


64. Transmission of vinca spike to Santalum album Linn, and 
its significance. 

Y. Muniyappa, K. Sxjbramanyam, and M. Sbbbnivasaya, 

Bangalore. 

The problem of the primary sources of infection of spike disease has 
so far remained obscure and the long distance fiights winch characterize 
the spread of spike have not been adequately explained. It has long 
been suspected that agricultural and forest hosts affected by similar 
diseases may constitute the primary sources of infection and striking 
evidence to this suspicion was afforded by the observation that every 
site of primary attack by sandal spike was associated with the prevalence 
of similar diseases among the neighbouring agricultural and forest stands* 
It was therefore of interest to study the inter-transmissibility of the two 
groups of diseases — the spike of san^l and the * spikes ’ of other ecologically 
associated hosts of sandal. We have now been able to demonstrate the 
transmissibility of * spike’ affecting Vinca alba to sandal. , 

Diseased leaf tissue from Vinca has been grafted to potted six months 
old sandal plants by the *leaf insertion* technique so successfully employed 
in cdl our previous transmission studies. After eight to ten weeks the 
sandal developed typical symptoms of a virulent form of spike. For the 
first time, the pc^ibility of other * 8 pikes* acting as equadlv virulent 
and potential foci of isiection, has now been demonstratecL In the 
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entdhaiicm of the eourooB of infection which is now widely adopted ee 
the only eSbctive method of oontroUing spike disease, oarefhl attention 
should be paid to the oth^ sources of ^spike 

66. ProteoolaBtases in healthy and spiked leaves of Santalum 
album Linn. 

K. SxTBBAHANTAM and M. Sbbenivasaya, Bangalore. 

An accumulation of total orgemio nitrogen (two to three fold) takes 
place in tiie diseased leaves and this is accompanied by an increase in 
proteoclastic activity. The inoiganic forms of nitrogen, nitrate and 
nitrite, present in healthy leaves have been found to be absent in the 
diseased leaves, thus pointing to a fundamentally different type of nitrogen 
metabolism characterizing the diseased condition. 

It was therefore of interest to make a comparative study of the 
nature of the proteoclases present in the healthy and diseased leaves. 
Experiments in this direction have revealed the presence of a higher 
concentration (2-3 times) of a cyanide activable proteoclastase capable 
of hydrolyzing peptone. This enzyme is inactivated in presence of 
oxida^s. 

Enzyme preparations from healthy and diseased leaves made by 
different methods exhibit consistent cmd characteristic differences. 

The higher pcptonase activity of the diseased tissues and ti^e 
fluids accounts for the presence of cunino nitrogen in a higher concentration. 


Statistics and Sampling Technique 

56. The use of d-test in the comparison of two samples with 
unequal variance. 

P. V. SxTEHATMB, New Delhi. 

The quantity d, defined as the quotient of the difference in two 
means by the square root of the sum of the variance of the two means, 
was originally proposed by Behrens (1929) as the solution of the hypothesis 
that the difference in two population means is zero. Fisher (1936) using 
fiducial argument in statistical inference showed that the distribution of 
d supplied the exact solution of the hypothesis. Bartlett (1937) was 
doubtful of its validity. Sukhatme (1938) gave tables of d and showed 
that Behrens was wrong in his assumption regarding the behaviour of the 
fiducial probability of d with 0, Fisher (1939), using Sukhatme’s work, 
clarified Bartlett’s doubts and produced further independent evidence to 
prove the validity of the d-test. ^ 

The use of the d-test in experimental work and the hypothesis of 
which it supplies the exact test have been explained on two examples 
from agriculture. The differences between the t and the d tests have been 
emphasized and special attention is drawn to the difference in the inter- 
pretotion that is znade by the use of f test in place of d. 

Five per cent tables of d for the framework 6, 8, 10, 12, 24 and oo 
and $ ■= 0®, 16®, 30®, 46®, 60®, 76®, 90® have been supplied and their use 
explained. 

67. Incomplete double IdAin squares. 

P. V. RarsHNA Iybb, New Delhi. 

The analysis of apxp double Latin square layout in which row 
or columns axe miaaiyi|^ mom either one or both the squares, reduces to a 
neat form in oertaia eases. Changes in the usual procedure of analysis 
are neoosmy in tha aaloulation of the treatment sum of squares, the 
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treatment means and the standard error for comparing two tieatment 
differences. The sum of squares for squares* rows and columns are 
calculated in the usual way. The expressions for the treatment sum of 
squares* the least square estimates of the treatments and the stcmdaxd 
error for comparing two least squares estimates are given in the paper 
for the following cases: — 

(i) First square — one row missing; second square — complete. 

(ii) Both squares— one row missing. 

(iii) First square — one row and one column missing ; second square- 

one row missing. 

(iv) First square— one row and one column missing ; second square- 

complete. 

68. Comparison of different sampling techniques for population 
studies on wheat. 

I. M. Rao, M. Atzal, and J. C. Lxjthra, Bohtak. 

Under Dry Farming conditions in the Punjab* variations in growth 
and other characters are high due to soil heterogeneity and drought 
conditions. A preliminary study was carried out on wheat during nxbi 
1939-40 to compare the sampling techniques, recommended by Hudson* 
Kalamkar and the Dry Farming Committee, Ihdia. 

Observations on germination* stand* tillering and maturity at the 
final stage were noted on wheat 8A sown in a plot of about one-seventh 
acre with 40 rows, each 122 feet long, divided into 16 sub-plots* each five 
rows 61 feet long. Two levels (6% and 10%) were adopted for the fraction 
of area sampled. The units were randomized in each sub-plot separately. 

The sampling errors, calculated according to the formula s ma 

were converted to percentages on the general mean for 4)1 k whole plot. 

The sampling errors for all the techniques were in general low. They 
were below 6% for aU observations except for * germination’ (about 6%) 
and mature ears (about 10%). Kalamkar’s technique gave the lowest 
sampling error apparently due to the greater distribution of the units. 
Tho difference due to the techniques was not high. Increase in the area 
sampled resulted only in a slight lowering of the error. Under local 
conditions* the Dry Farming Committee method of sampling seems to 
be as good as that of Hu&on. Kalamkar’s technique involves great 
labour and results only in a slight lowering of the error. 


Marketing, Agricultural Economics 

59. A note on the grading of grape, papaya and grape-fruit. 

S. S. Bhat and S. B. Dhasbshwab, Baroda. 

In this note the external and internal characters to be taken into 
consideration while grading fruits are mentioned. The size factors of 
Bhokari grape* Waa&ngton papaya and Marsh seedless grape fruit are 
studied in detail. In Bhokari grapes* it is noted that while the weight 
of the berries varies from 1*5 to 5 gms. each, there is a tendency for 
berries in smaller bunches to be larger than those in larger bunches; the 
size and weight of individual bimches vary from about 2 ozs. to 20 ozs. 
and more. In the case of the Washington papaya, the fruits vary in 
weight from below 30 ozs. up to 100 ozs. or more with a mean value of 
63 ozs. Their length* circumference and weight (on 786 individuals) 
are found to be positively correlated. In tfie Marsh seedkes grape 
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fruit also all these size factors, are found to be positively correlated (on 
990 individuals). In order to facilitate grading work, the authors suggest 
that Bhokari grape bunches and Wekshington papaya fruits may be 
graded on the basis of their weight while the Marsh seedless grape fruits 
may be graded their circumference. The authors propose that the 
market value of graded fruits affected by surface blemishes may be 
reduced according to the formula 

Toted percentage of blemishes— 6 (allowable percentage). 

2 


60, The economics and agriculturar problems of the sugar 
industry in India. 

B. Muehebjbb, Lucknow. 

The paper discusses the present position of the industry in India in 
all its aspects, more particularly with reference to such problems like 
over production, minimum price, uncontrolled extension of cultivation, 
expoit markets, consumption of sugar within the country, improvement 
of the Khandaari system, cane varieties and the economics of cultivation, 
control of pests attacking the crop, etc. The author concludes by drawing 
attention to the importance of further research and greater utilization of 
the bye-products of the industry. 

€1. Working of seed agencies of the Punjab Agricultural 
Department. 

K. S. Hafiz Mohd. Abdullih and Nek Aiam, Punjab. 

The paper discusses the development of the seed agencies in the 
Punjab. The seed distribution agency which was first confined to 
government farms was later decentralized by the setting up of a large num- 
ber of seed producing centres on cultivators* land. ntunber of such 

agencies has multiplied rapidly, from 317 in 1933 to 1103 in 1939, with a 
gross expenditure of 12 laldis of rupees in 1939. 

Certain details with regard to the working of sixty -eight such seed 
agencies of seven different teshils have been collected to give information 
on (1) the average quantity of seed purchased by each zamindar, (2) the 
frequency with which the zamindars go to the agencies for purchasing 
seed, (3) comparison of agencies located in urban or rural areas, (4) the 
effective distance up to which an agency can cater, etc., and these are 
recorded in the paper. Based on the above information the authors 
conclude that a radius of five miles would form an effective distcuice for 
each agency and that the agencies should be shifted from village to village 
after every 3-6 years. 

62. An enquiry into the sale and use of improved agricultural 
implements in the Punjab. 

K. S. Hahz Mohd. Abdullah and Nek Alam, Punjab* 

The authors have first examined the information contained in the 
annual reports of the Agricultural Department with regard to the sale of 
implements during the last eight years and foimd that the number of 
chaff cutters, ploughs, hoes, hwows and drills per 100 pairs of working 
cattle are 6*9, 2*1, 0*16, OdO and 0*09 respectively. They have made a 
detailed survey in 460 vIBages comprising 16,000 zamindars of Gurudaspur, 
Amritsar, Bawalpindi and Jhelum districts taking 15 to 20 villages at 
random for each tesIlQ and ascertained the number of improved imple- 
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meats possessed by the zamindars which were found to ve^ with the tract 
surveyed. Some interesting data are furnished showing the relation 
between the number of implements owned and such factors as ; (1) the 
distance of the village from the teshil headquarters, a main road or a 
railway station, (2) the size of the village, (3) the caste of the zamindar 
and (4) the literacy or otherwise of the zamindar. 

63. The economics of goat and sheep herds in Find Dadan Khan 

Teshil of the Pmjab. 

K, S. Hafiz Mohd. Abdullah, Nek Alam, and 
M. Mohd. Fazil, Punjab. 

The paper deals with the information obtained from enquiries made 
in the locality of twenty>eight herdsmen who maintain Bocks of both sheep 
and goats. The data discussed separately for sheep and goats deal with 
such aspects as the average birth rate, the percentage of males and females, 
the percentage of animals disposed of every year, the percentage of 
mortality among animals, the sale price of animals, the quantity of wool 
obtained, the price of wool and how it is disposed of, etc. 

64. The milk and ghee supply of nineteen villages of Rawal- 

pindi Teshil, Punjab. 

K. S. Hafiz Mohd. Abdullah, Nek Alam, Ghulam Rasul, 
and Hayat Mohammad, Punjab. 

The authors have studied the milk and ghee supply of nineteen villages 
of Rawalpindi teshil comprising 606 families of 3,497 members. Informa- 
tion is given regarding the amount of milk produced, how much of it is 
actually consumed and in what form, how much of it is sold and how much is 
converted into ghee. The authors conclude that as regards milk consump- 
tion the villages in this teshil do not compare favourably with cities and 
that the accepted idea that villagers consume more milk is not true. The 
consumption of milk per head per day comes to only 0*07 lb. as against 
0*26 in Lahore and 0*64 in Lyallpur. 


General 

66. A new method of recording phonological observations. 

F. R. Bharucha, Bombay. 

Systematic recording of some forty plants, varying from trees to 
shrubs, was done over a year. There are many methods in vogue, for 
example, the one used by the Royal Meteorological Society of London, 
another by Rlechevsky in Russia and still another in America. Each is 
devised from a different standpoint. A simpler method than the previous 
ones has been devised by the author and described in the present paper 
giving the actual observations made over a year. 

66. Effect of synthetic fertilizers on grasslands. 

E. B. Bhabitoba and B. N. DavA, Bombay.. 

So far no attempt has been made in India to employ synthetic 
fertilizers for increased yield on grasslands though it is now an established 
fact that larger powers He latent in grassland than in aerable land. Three 
years* repeated experiments carried out by the authors on difGnrent 
types of g ra s sl a nd s, i.e. differing in the intensity of pasturing, have 
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•hown : (1) that the use of 83 mthetio fertilizers improves the graealaayis 
provided the fertilizers are of the right type and the intensity of pasturing 
has not exceeded a certain limit ; (2) superphosphate alone in top dressinff 
is sufficient to yidd higher reisults on an ares where the grasses are pastured 
only for two months of the year; (3) ammonium smphate ana super- 
phosphate should be combined on an area where pouring has been 
sufficiently severe; (4) potassium sulphate is not effective at all, and 
(5) on a totally over-p^tured area where the dominant grass is not 
Themeda or Peeudenihdatiria (grasses which are dominant sinm^ or jointly 
on moderately or slightly grazed areas) but Egrafroatia unwndea with a 
very high percentage of weeds like Blumea erianthaf the application of a 
mmure of the above three manures has no effect. 


SECTION OF PHYSIOLOGY 

Pruident: — B. Dikshit, M.B.B.S., M.B.C.P., D.P.H., 

Ph.D. 


General Physiology 

1. Aoetylcholme formation by the intestines. 

B. B. Dikshit, Bombay. 

Fonnation of aoetylcholme by the intestines when small bits are 
suspended in oxygenate Ringer’s solution containing eserine has been 
previously demonstrated by several workers. The present communication 
18 concerned with acetylcholine formation by intestines when perfused 
through the superior mesenteric artery. The technique of perfusion 
consisted in perfusing the small intestines with warm, eserinized, 
oxygenated, Locke’s solution through the superior mesenteric artery 
and passing the seune solution over and over again throi^h the vessels 
for a period of over five hours. The amount of acetylcholine formed was 
measm^ biologically using the frog’s rectus abdominis as the test muscle. 
Guinea-pig, cat and dog’s intestines were used and the amount of acetyl- 
choline formed was found to be 3*0y, l*5y and l*0y per gramme respec- 
tively. The perfused guts could further form acetylcholine when small 
pieces were allowed to respire in a warm oxygenate, eserinized Lodm’s 
solution. ' 


2. Studies in vital capacity. I. Statistical conelatiou vtith 
physical measurements. 

D. M. Telaho and O. A. Bhagwat, Bombay. 

The vital capacity of one hundred and seventy -two male medical 
students of Bombay — ^e range 18 to 28 — ^has been statistically correlated 
with age, standing height, sitting height, weight, surface area (calculated 
from Dubois’s monogram), chest measurements (defiated, looted and 
the mean of the two), chest expansion and the pelidisi (Von Pirquet 
index). A significant correlation has been foimd with every one of the 
measurements except with age and pelidisi. Prediction Imes of vital 
capacity against all these measurements (except age and pelidisi) ^ve 
been plott^ and the regression equations work^ out in each case. 


3. Vital capacity iu healthy young IndiauB (U.P.). 

« 

S. N. Mathttb, lAioknOv. 

Average Vital Capacity, taken on the basis of over ^even hundred 
readings in healthy young medical undemaduates of ages between 20 and 
25 was found to be about 3,200 o.o. is about 10% less than the 

western standard. 
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4. Note on venous return.' 

W. BuBBinQB, Lucknow. 

A solution of adrenaUne poured over the visoera of a frog restores 
venous return after the ventricle has ceased to beat and is bloo^ess. It 
is presumed that this blood was previously stagnating in veins. 

After blood had thus been returned to the heart its activity revived 
and it beat well again. 

6. Prothrombin time in health and disease. 

D* V. S. Ruddy and C. Venkatabamiah, Vizagapatam. 

Dam’s investigations on chicks suffering from haemorrhages lead to 
the discovery of a new vitamin, Vit-K (so called because in German 
languages, it is spelt as Koagulation Vitamin). Simultaneously, Quick 
developed a simple but a specidc method for the determination of blood 
prothrombin. 

These two advances in basic sciences were soon followed by many 
animal experiments, throwing light on the factors and conditions producing 
hypoprothrombinemia. The £iowledge gained thus found immediate 
use in the explanation and control of the haemorrhagic conditions, parti- 
cularly, in jaimdice and haemorrhagic diseases of the new bom. Of all the 
methods, for the estimation of prothrombin both as laboratory diagnostic 
procedure and as guide to treatment. Quick’s method or one of its modifica- 
tions, may be conveniently employed in any ordinary teaching institution. 

No investigations on prothrombin levels in Indians and in various 
dinical conditions in the tropics, have been published. According to 
Quick’s technique, observations were made on ‘prothrombin time* in 
twenty normal healthy adults, at Vizag. It was ranging between 40 and 
60 seconds. The causes of this variation from the original figures given 
by Quick and the later observations of other workers are discussed. 

Excunination of cases of jaundice and cirrhosis of the liver revealed 
a definite and marked prolongation of prothrombin time. The effect of 
chloroform anaesthesia, dietetic deficiencies, and infections on the 
prothrombin time is being investigated. 

6. Brain potentials of normal and deaf and dumb children and 
certain clinical cases. 

Basu Kumab Bagohi, Calcutta. 

In order to discover evidences of the growing maturation of the 
central nervous system on the one hand, and a possible change in its mass 
or local function due to lack of one sense organ and the presence of some 
abnormal conditions on the other, the electroencephalographio technique 
was used to record through un-opened skull spontaneously oscillating 
potentials of different parts of the brain of normal and deaf and dumb 
children and patients with a definite clinical history. The apparatus, 
only one of its kind in this country, consisted of a special mur-stage 
pu^-puU high amplification amplifier and a recorder with a time constant 
of '6 second delivering frequencies from J to 60 per second. The subjects 
were comfortably placed in a cool, semi-sound proof, electro statically 
shielded room. It was foimd that usually the frequency of the brain 
rhythm per second increases with age until the adult alp]^ frequency is 
well established at about 10 or 11, that the alpha, slow and beta frequencies 
are mixed at and before that age, that deaf and dumb children present 
oertcun similarities and deviations and that the occasional slow rhythm 
in adults indicates cortical malfunctioning. Detailed results will be 
presented and implications discussed. Aclmowledgment is due to Bai 
Sahib Principal A. G. Ohatterji of Calcutta Deaf and Dumb School. 
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Biochemistry 

7. The blood &t content of normal females living in Bengal. 
HB]CEiKDBANa.TH Chattebjse and SuBATHNATH Ghosh, Calcutta. 

The fat content of the blood of 20 normal non-pregnant females living 
in Bengal was estimated and was found to give an average value of 0*305 
grm. per 100 c.c. of blood. 

8. Studies on the anti-anaemic concentrate prepared from 

Indian ox liver. Part I. 

S. K. Qa3SQTjily and U. P. Basu, Baranagore (Calcutta). 

Several investigations have already been carried out in finding 
out the active principles from liver that might be effective in the treatment 
of certain primary anaemias. But as the efficacy of any concentrate 
depends upon the various entities (Murphy, Amer, Jour, Med, Set., 1036, 
191, 597; Karrer, et a2, Helv, Chim, Acta,y 1938, 21, 314 and others), 
any such work with liver demands a systematic investigation on the 
chemical characteristics of, as well as, on the actual reticulocyte response 
from the concentrate that might be isolated from glands of animals bred 
and slaughtered in tropical countries (c/., Basu, et aly Indian, Med. Oaz,, 
1940, 75, 216). 

In the present work Cohn’s fraction ‘G* was prepared in different 
ways and at the various temperatures. The total yield, the percentage 
of nitrogen in the solid extract, its amino (Van Slyke) nitrogen, and 
certain characteristics of the portion soluble in 70% alcohol, but insoluble 
in 90% alcohol were determined. The amount of reinecke salts and the 
intensity of colour imparted by their solutions were again ascertained to 
have a rough estimate on the physiological active substances that might 
be present. Further work to find out the exact chemical nature of the 
active principles as well as their effect on reticulocytes on clinical applica- 
tion are in progress. 

9. Mineral constituents of human hair. 

K. N. Bagohi and H. D. Gangtjly, Calcutta. 

In connection with an investigation about the lead-content of human 
tissues it was discovered that hair is very rich in lead. It was thought 
that other metals might also be present in hair in large quantities and 
with this idea in view the samples of hair were examined for the various 
metals likely to be present. The determination of Cu, Zn, Co, Ni, etc. 
in hair was made and they were found in appreciable amounts. 

Boyd and De (1933) showed by spectrographic method that elements 
such as silver, tin, rubidium and vanadium and other common metals 
are present in human tissues while nickel and cobalt are absent. We 
could find appreciable amounts of Ni and Co but could not detect Ag, 
Sn, Kb and V in hair. 

As the normal mineral-content of hair appears to be many times 
more than that of tissues, the analysis of hair gives a correct indication 
of all the elements present in human tissues and a careful investigation 
m this direction is likely to give an idea of the actual amount of these 
elements and their physiological significance. The investigation is in 
progress. , 

10. Blood urea clearance in normal Indiane. 

S. K. Gokhalb, Bombay. 

Moller, McIntosh and Van Slyke (J. Clin. Inveet.y 1929, VI, 427} 
had shown that blood urea clearance affords the best means to determine 
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the effidenoy of rexial fimotion. They have expressed it as a relation 
between urea in blood (B), urea in urine (U), and the volume of urine 
excreted per minute (V) by means of a formula. The average olearanoe 
values obtained by them in their study of normal Ameriom subjects were 


75 0 . 0 . (maximum clearance -g- , when V is > 2 o.c.) and 64 o.o. (standard 
clearance, — » 'when V is < 2 c.o.). 


It was observed, in the study of blood and urine of normal Indian 
subjects, that whOe their blood urea content is 'within the same limits 
as that of American normal subjects, the urinary urea content, on the 
other hand, is about half of that of American subjects. In view of this, 
it 'was thought necessary to investigate whether the blood urea clearance 
value for average American adult 'will also hold good for average Indian 
adult. 

Blood urea clearance values of 108 normal young Indians, have 
been determined by the same technique as described by the above authors. 
The average values obtained for Indians, 44 c.c. for maximum clearance 
and 34 o.c. for standard clearance, are much lower than the corresponding 
averages for Americans, viz. 76 o.c. and 64 c.o. respectively. This 
shows that the use of American averages to evaluate the renal function 
in the case of Indians would lead to erroneous conclusions. 


11. Carotene contents of cow-ghee and buffalo-ghee. 

K. N. Bagohi and S. M. Das-Gupta, Calcutta. 

The carotene contents of cow-ghee have been previously determined 
and it has been found that except under special circumstances, the value 
ranges from four to nine yellow units (Lovibond) per gramme of the fat- 
In this paper, the carotene contents of 30 samples of genuine buffalo, 
ghee from individual buffalos and herds (obtained from reliable sources) 
have been determined. The value ranges from 0~0‘16 yellow units per 
gramme. We have not so far obtained a single genuine sample 6f buffalo- 
ghee having a carotene content higher than 0*2 yellow umt (Lo'vibond) 
per gramme. 

The determinations were carried out in the foUo'wing way: — ^The fat 
was melted and filtered through cotton and the colour was matched in 
one c.m. tubes in a comparator against a freshly prepared solution of 
pot6issium dichromate previously standardized with Lovibond Tintometer 
by Ratchevsky’s method Soc. Chim, BioU, 17 ; 1187-93, 1036). 

The well-marked difference between the carotene contents of cow- 
ghee and buffalo-ghee may 1^ helpful in differentiating cow-ghee from 
buffalo-ghee and thus in detecting fraud under the Food Adulteration 
Act. 


12. Occupational factor in night blindness. 

S. K. Sen, Calcutta. 

A study has been made of a large number of cases of night blindness 
in persons working m the lune factories and brick kilns in the district of 
Ho'wrah. Analysis of the foodstuffs sho'ws 'vitamin A deficiency, but 
administration of cod liver oil, although has brought about an amelioration 
of the condition in some, has failed to effect a complete cure in many. 
In the laboratory, frogs and white rats have been given vitamin A deficient 
food and the 'visual purple extracted by digitonin method, and comparison 
has been made between the regeneration curves of the 'visual purple 
fbr the normal and 'vitamin A deficient animals. The effect of the exposure 
to bri<^ and lime dust for some days, 'with subsequent administration of 
ood In^ oil has been noted. In conclusion, it may be said that too much 
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exposure to irritating suapended matter in the atinoephere in which the 
persons are working is a potent factor in the causation of the disease, and 
acts synergically with vitamin A deficiency in the food and unhealthy 
43 urrounding 8 of these individuals. 


13. The effect of ingestion of large doses of vitamin C on clinical 
signs and symptoms and haematological changes in 
pulmonary tuberculosis. 

S. K. Boy and M. N. Bitdba, Patna. 

The effect of oral administration, for 10 weeks, of 225 mgs. of natural 
vitamin 0 (as sundried Emblica officinalis powder) to Pulmonary 
Tuberculosis patients upon their clinical signs and symptoms and on 
haematological changes has been studied in relation to controls (P.T. 
patients) receiving no additional vitamin C. Greater improvement in 
total B.B.C. and W.B.C. Counts, haemoglobin content of blood, neutro- 
philel 3 rmphoo 3 rte and lymphocyte-monocyte ratios, von BonsdrofiTs 
Count and Houghton’s Index bjoA a comparatively smaller improvement 
in sedimentation rate was observed in cases receiving additional vitamin C. 
Glinioally also patients receiving additional vitamin 0 showed better 
results. The therapeutic value of vitamin O in Pulmonary Tuberculosis 
has been discussed. 


14. The intradermal test as an index of vitamin C-nutrition. 

S. SANBBJmE, Calcutta. 

A correlation between the intradermal test and the blood ascorbic 
acid level has not been observed by some workers and, therefore, they 
have concluded that the intradermal test is not useful for the asBessment 
of vitcunin G nutrition of the body, considering that the blood ascorbic 
ekoid level is the best criterion for t^ purpose. ^xpeHffients have been 
performed on guinea-pigs under controlled conditions to show the relation 
between the blood ascorbic acid and the twenty-four hours* urinary 
excretion of ascorbic acid. The decolorization time in the skin test was 
also observed. No correlation between the urinary and blood ascorbic 
acid levels was obtained in normally fed and in scorbutic guinea-pigs. It 
seems that the urinary excretion of ascorbic acid and the blood ascorbic 
acid level may depend on various factors and there are reasons to doubt 
whether the blood ascorbic acid level would be a safe criterion for ascorbic 
acid status. It is possible that the vitamin C content of the skin, which 
is a x>art of the body tissues, as determined in situ by the intradermal 
test, gives a more accurate picture of the vitamin C status of the body. 

15. Intradermal test as an index of vitamin C-nutrition of the 

body— observations at Vizagapatam. 

D. V. S. Reddy and P. B. Sastey, Vizagajiatam. 

The intradermal test with 2-6 dichlorophenol indophenol suggested 
by Rotter as a reliable index of viteunin C status of the body has been 
enthusiastically recommended by some workers, while others found no 
conation between the time of decolorization and the level of blood 
ascorbic acid or urinary saturation test. , 

In Lidia, Banerjee and Guha found in their experiments that the 
time of decolorization was loiter in scorbutic guinea-pigs cmd was definitely 
diminished when ascorbic acid was added to the diet. In human subjects 
also, they found that administration of massive doses of ascorbic acid 
resulted in the reduction of decolorization time. More recently, they 
repOTted again on experiments conducted on guinea-pigs ai:^ human 

i8 
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mbjeots ; the deoolorization tizne'beoeune shorter and shorter with inoreasing 
saturation with vitamin 0 and reached a minimum of 1 minute and 
20 to SO seconds. These workers suggest that the minimum decolorization 
time may perhaps give a truer picture of the vitamin 0 status of the 
body th£m the usual urine (saturation) test. 

Observations and experiments were conducted at Vizagapatam on 
different age^groups and classes of people. The dietetic habits, clinical 
history and results of the skin test (tune of decolorization of the dye 
injected intradermally) are correlated. Further investigations are being 
carried out to correlate the level of blood ascorbic acid and urinary 
saturation test with the results of the intradermal test, with a view to 
find out a standard procedure and time, to^ make the test a satisfactory 
index of the vitamin C nutrition of the body. 


16. Investigations into the standard of dietary and state of 
nutrition in the leper belt of Manbhum District (Bihar). 

K. Mitea and C. Gupta, Patna. 

An investigation into food intake of 166 families residing in rural 
area inside the traditional leprosy belt of Manbhum District and fifty leper 
families in Purulia town was carried out during November 1939 to May 
1940. The average daily income per consumption unit was found to 
vary between 0*76 to 2*66 annas. The families were mainly engaged in 
a^icultural pursuits. The incidence of leprosy was foxmd to be fairly 
high, assessed by the percentage of lepromatous cases and child lepers. 
About 30% of the families were found to subsist on a diet deficient in 
quantity, hi four families the average daily intake of calories barely 
reached four figure standard. Inadequate intake of animal proteins, 
minerals and vitamin A was noticed in a very large percentage of families. 
A little more than 2,000 children residing in this area were examined 
anthropometrically and clinically. By clmical naked eye examination 
about 40% of the children were foimd to be malnourished. By the 
application of another index, Knudsen-Schiotz sign the percentage came 
up to about 30. About 16% of the children were found to be suffering 
from incipient signs of deficiency. 


17. Estimation of proximate principles of food in a few edibles 
by chemical methods. 

u 

K. Mitba aTid H. C. Mittea, Patna. 

Thirteen kinds of grain foods, 18 kinds of fiesh foods, 27 kinds of fruits, 
20 kinds of vegetables and 8 kinds of miscellaneous foods were analyzed 
chemically for their moisture, protein, carbohydrates, fats, crude fibres, 
calcium and phosphorus contents. Amongst the grain foods Sutari (a 
inferior type of cowpea) and kusumb seeds ifiaHhamua tinctorvue) were 
foimd to be comparatively rich source of calcium. Puma chaivl or rice 
grains with complete layer of pericarp w€W3 found to contain 2*60% of 
fats but calcium content 4id not exceed 12 milligrammes. Amongst 
the vegetables are included about 7 types of tubers consumed by the 
aborigpLnals. 

Five kinds Of 0ukhua or dried fish were analyzed. All of them were 
found to be very liqh in aE thO protective dietary principles. Of the mis- 
oellanaous foodti posta dona (Papaver aomn^erum) was found to be rich 
in calciiAn. Again, of fiesh food group Snail's meat {PUa glcboea) 
was fo\md to be the pooi^t in protein content (about 10%). 

i8b 
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18. Trend of dietary habits and anal 3 ^ of food budget in the 
working class families of Bihar. 

K. Mixba, Patna. 

An attempt was made to find out the influence of income on the 
diet in the analysis of food budget of 177 working class families at 
Jamshedpur (Steel works) and 194 similar families from Jharia (coal- 
fields). The families from each of these centres were divided into four 
groups in the sliding scale of income level from Bb. 15 to Bs.200 per month,. 
With the increase in income expenditure on food increased but the 
percentage of income spent on food diminished. This percentage was 
found to veuy from a little over 70 to approximately 40 in the highest 
income level. In the lower income groups about two-thirds of the expenses 
were needed for cereals and pulses; with the increase in income this 
percentage came down to less than 30. The expenses on non-leafy vege- 
tables, fats, fruits, milk, sugar and flesh foods maintained a positive 
correlation with the income level. Curiously enough the expenses on 
leafy vegetables behaved otherwise. In analyzing the trend of preference 
for different edibles in their respective classes, homepounded parboiled 
rice was the most popular cereal, red gram the most popular pulse, potato 
the popular vegetable, mustard oil the popular fat and goat*s meat the 
popular flesh food. 


19. An enquiry into the consumption of milk in a few urban 
areas of Bihar. 


K. Mitba^ Patna. 

An investigation into the intake of milk in 1,600 families spread 
over six towns of Bihar — Jamshedpur, Gaya, Madhupur, Dumka, Dhanbad 
and Thakurganj. The families were classified into flw income groups: 
(a) up to Bs.25, (6) up to Bs.50, (c) up to Bs.lOO, (d) up to Bs.200, cmd 
(e) above Bs.200. The average daily consumption per family beginning 
from the lowest income group was foimd to be 26*9, 46*6, 67*9, 92*9 and 
197*1 ounces respectively. It was also found that with the rise in income 
level per capita consumption of milk increased and the number of non- 
consumers diminished. Amongst the adult population males were found 
to consume more milk than the females in all the income groups. In the 
lowest income group about 58 per cent and in the highest income group 18 
per cent of the expectant and nursing mothers were not drinking €my 
milk. The average consumption varied between 7 to 18 ounces per day. 
In the case of children the respective minimum and maximum figures 
were 5 to 16 ounces. 


20. Studies on the comjKJsition of peptones. Part 1. 

SxTDHiKDSAKATH Seut, Baranagoie (Calcutta). 

Various foreign peptones are available in the market for biological 
work. There is no defiimte knowledge regarding the composition nor the 
method of decomposition of any protein body for their production. 
Accordingly, a work in this direction has been undertaken. 

In the present paper fibrin clot as well as veal from the locaf slaughter 
house has been hydrolyzed by pepsin in acid medium at 37® for different 
periods. The nature and chcu^ter of decomposition products have been 
ascertained. The solid isolated from the fibrin clot may be so adjusted 
as to afford a peptone quite suitable for the production of ohemdkm 
tetani and other bacterial toxins. Further work is in progress* 



276 


Proc. 28th J. 8.0,: Part III: Abstracts. 


21. ATailability of calcium in vegetaUes. 

K: P. Basu and D. B. Ghosh, Dacca. 

The availability of the calcium of the following vegetables, viz. 
Lady’s finger (Hibiscus esculentus — ^Beng. Dhenras), Cabbage (Brassica 
oleracea oapitata — ^Beng, Bandha kopi), Drumstick (Moringa oleifera — 
Beng. Sajney) and Amaranth tender (Amaranthus gangeticus — ^Beng. Lai 
shak or Dhida shak), was investigated by two different methods. Li the 
first place young healthy albino rats which had been reetred on the usual 
diet of the laboratory wete placed on five different diets in which milk 
and the four vegetables were respectively the only sources of calcium. 
Only in the case of drunastick inilk supplied 50 per cent of the total 
cedoium. At eight weeks of age the rats were killed, the utilization of 
calcium was <£termmed and compared. The utilization factors for 
males were 0-87 for milk diet, 0*71 for lady’s finger, 0*82 for cabbage and 
0*70 for drumstick diet. These values for females were respectively 0*84, 
0*70, 0*81 and 0*69. Sex difference was, therefore, practically without any 
appreciable effect on the utilization. 

A separate investigation was undertaken to find out how the calcium 
of these vegetables was utilized in maintaining calcium balance in human 
beings. The metabolism experiments were p^ormed on an adult. The 
experimental subject was firat given a basal diet contemning umdequate 
amounts of calcium. The effect of supplementing the basal diet with 
each of the different vegetables and with milk was then observed. The 
average per cent retention of calcium was 50, 43, 29, 23 and 23 respectively 
in the case of milk, amaranth, Lady’s finger, cabbage, and drumstick. 

22. Biochexnioal studies of some species of Madras fish. 

N. L. Lahiby, C. P. Ananthakbishnan, and B. N. Banbbjbb, 

Bangalore. 

The nitrogen distribution of the tissue proteins of Mullet, Karva 
and Bamash has been determined by the method of Van Slyke as modified 
by Flimmer and Bosedale, inoludmg Damodaran’s dioarboxylic acids, 
l^rosine and tryptophane contents have been determined by the colori- 
metric methods' of Folin et al. Karva is marked by its higher tyrosine 
and tryptophane contents than the other two fishes. Independent 
colorimetric estimation of cystine on the fish proteins indicates a lower 
amount for Karva, the other two being almost equal. 

The present investigation relates to the study of the nature and extent 
of the in vitro digestion accompanying the treatment of the whole meal by 
pepsin, followed by trypsin. 

Estimations have bemi madp of various components such aa calcium, 
phosphorus, and iron and the results discuBsed. 

Determinations of the biological value of the muscle proteins by 
growth and balance-sheet methods on rats are in progress. 

23. Studies in insect nutrition. Part I. Vitaminic require* 

ments of the rice moth — Corcyra sp. 

P. S. Sabma and M. Sbbbkivasaya, Bangalore. 

The rice moth Corcyra sp. has been found to be an eminently suitable 
insect for work on insect nutation. Preliminary experiments with the 
insect showed that the growth of the insects is infiuencM to a oonsidwable 
degree by vitaminic d^ciencies. Insects fed on vitamin firee diets were 
found to respond readily and quantitatively to additions of vitamins. 

Our investigations have so far revealed that the rice moth definitely 
requires two groups of vitamins — (1) the water-soluble vitamins which 
indudee Bx and (2) the fat soluble vitamins, one of the components of 
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which has been characterised as a sterol. The insect does not need any 
vitamin 0. 

We have employed this insect for an estimation of the vitanun Bi 
content of various food materials, for a determination of the * quality^ 
in crops and for the assay of the vitaminio potency of biological piquets. 


24. Assessment of vitamin Bi deficiency of persons living on 
diets of Bengalis. 

N. H. Bastt and Q. K. Bay, Calcutta. 


The state of saturation of the body of a subject with respect to 
vitamin Bi is determined by iSnding out what percentage of a test dose, 
viz. 360 I.U. of vitamin B], fed orally to a subject is excreted in his 
urine in the subsequent period of 24 hours. If the excretion amounts to 
15% or more of the dose in that period, the subject is considered ‘normal’, 
i but if it be less than that he is taken to be ‘deficient ’. 

The estimation of B^ in urine was carried out noainly by Jansen’s 
Thiochrome method as modified by Wang and Harris, but in the case 
of a few subjects it wets done biologically by adsorbing the B^ in urine 
on Lloyd’s reagent, feeding the cuisorbate to vitamin Bi deficient rats 
and then estimating the vitamin from their growth curve. 

Twenty -two subjects were examined by the chemical (i.e. Thiochrome) 
method and six by the biological method. Amongst the former group 
60% were normal and the rest deficient, whereas amongst the latter every 
one was deficient. 

In the course of these determinations the following observations 
were made : — 


(i) The total urinary excretion of vitamin Bj per day varies between 
20fig to 288ju^. 

(ii) As in the case of vitamin 0, the daily urinary output of vitamin Bj 
is not an index of the state of saturation of the l^dy. The ratio 

Bj content in I.U. in the daily diet . « , ^ . x 

? — : , — IS found to give a roughly approximate 

non-fat calories consumed daily 

indication of the Bi status of a person. The persons from whose diet 
the above ratio was calculated were found on examination to have kept 
their diets constant for a long period before these experiments. If the 
value of this ratio in a person bo 0*3 or above, he is found to be ‘normal’ 
with regard to vitamin B^ content of his body, but if it is less, he is found 
to be deficient. The ratio in the case of normal boys below 16 years is 
found to be 0*26. 

(iii) Unlike vitamin 0, after administering daily the test dose of 
350 I.U. of vitamin Bj to a person for a long time, the excretion of the 
vitamin may not always rise, but is very irregular, and does not become 
constant. 

The relation between vitamin Bj, the carbohydrate content of the 
diet and the average yield of glucose from the protein content of the 
diet of a person on the one hand and the proportionate excretion of 
the vitamin after a test dose is being investigated. 


26. Synergism between vitamins B^ and C. 

N. M. Basu and G. K. Bay, Calcutta. 

In investigating to what extent the CQagulation-time df blood is 
delayed by the avitaminosis of C it was noticed that the vitamin Bi 
oontent in the food is an important factor in this respect. Experiments 
were, therefore, devised in the foUowing way to ascertain if vitamin Bi 
affects the effect of deprivation of vitamin C on the clotting-time of 
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Four groups of guinea-pigB,*eaoh containing at least six, were taken. 
One group which was kept as a control was given the same diet as the 
other thrro groups but wa^ given adequate amounts of vitamin G. The 
other three groups were pla6ed on the scorbutic diet. Of these three 
groups, the 1st group received no supplement of vitamin but each 
member of the 2nd and the 3rd group received daily 50y and lOOy of Bj 
respectively. The administration of this supplement was continued 
throughout the whole period of the experiment. When the guinea-pigs 
developed signs of scurvy, they were given different amoimts of ascorbic 
acid according to the intensity of the symptoms till these sjnnptoms 
completely disappeared. The coagulation-time of blood of the guinea-pigs 
of ail these ^ups was noted at regular intervals. On analyzing the 
coagulation-time of the blood of animals of these four different groups, 
the following resxdts were obtained: — 

(а) The coagulation-time of the control animals was on the average 

nearly 1 minute, of the group which received no supplement 
of vitamin increased from its normal value by 69'6 seconds 
on the average and of the groups which received daily 
supplements of 60y or lOOy of Bj increased on the average 
by 36 seconds only. 

(б) The coagulation-time was restored to normal after the ingestion 

on the average of widely different amounts of vitamin 0 
by three different groups of scorbutic animals. Thus group I 
which received no supplement of Bj required each on the 
average 66*6 mg. of C, group II which received 60y of Bj 
required each 54 mg., and group HI which received a supple- 
ment of lOOy of Bx daily, required 30 mg. each. 

It is obvious from these results that an excess of vitamin Bj in the 
diet of scorbutic animals not only prevents partially the marked increase 
in the coagulation-time of scorbutic animals, but also helps in the restore - 
tion of the normal coagulation-time by the ingestion of smaller amounts 
of vitamin C. It may, therefore, be concluded that there is a synergism 
between vitamins and C in the maintenance of the normal coagulation- 
time of blood. 


26. The absorption of glutamine during digestion. 

M. Damodaban and Kw G. Ananthanabayakan, Madras. 

Glutamine was shown to be a product of the digestion of proteins 
in vitro by proteolytic enzymes some years ago (Bamodaran et cU, 1932 ; 
Biochem, J,, 26, 1704), Since then researches of various authors have 
indicated the importcuice of thia substance in the intermediary metabolism 
of proteins. The absorption of glutamine from the alimentary tract 
during protein digestion has now been demonstrated. Blood from the 
femoral artery of dogs was analyzed for glutamine before and after a 
protein meal. A deflate increase in the glutamine content of blood was 
found two hours after ingestion of protein. 


27. The milk coagulating enzyme of Withania coagtdans. 

K. M. Ybshoda, Madras. 

The milk clotting action of the fruits of Withania coagtdana is due to 
an enzyme which can be prepared in solid condition by the following 
procedure: the aqueous extract of the dried fruits is precipitated with 
ammonium sulphate, added to 66% concentration, the precipitate redis- 
Bolved in water, and dialyzed free from ammonium sulphate and 
dialymte precipitated with cioetone. The dry preparation has a high 
aotivity»480 mg. being capable of clotting 1 liter of milk in 30 minutes at 
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room temperature, and retains its activity unimpared indefinitely. The 
enzyme is inactivated by heating to a temperature of 90*^ for 3 minutes. 
The optimum temperature for clotting is 48*C-60®C. The consistency of 
the clot is depend^t upon the concentration of the enzyme, the higher 
the concentration the shorter the period for coagulation and the harder 
the clot. 

The coagulating SrCtivity is only | that of papain; the latter, however, 
imparts a bitter taste to the milk even in very small concentrations. 

Unlike all milk clotting enzymes studied previously, the preparation 
from Withania coagtdans is entirely devoid of proteolytic activity thus 
conclusively proving that the milk clotting and proteolytic activity of 
rennet prepatations are due to two separate enzymes. 


28. The identity of liver arginase and canavanase. 

M. Damobabai^ and S. Manbbswara Sastbi, Madras. 

In continuation of previous experiments {Ind, Sci, Cong, Abstracts, 
27, 245, 1940) on the hydrolysis of arginine and canavanine by liver 
enzyme the effect of urea and of the amino-acids, alanine, leucine, 
glutamic acid, ornithine and canaline has been studied on the systems, 

arginine ^ ornithine -f urea 
and 

canavanine ^ canaline +urea. 

Urea, the common cleavage product of both reactions, has little 
inhibiting effect on the reactions even in high concentrations. Alanine, 
glutamic acid and leucine effect a slight inhibition while ornithine and 
canaline are strongly inhibitory to both the reactions. The reciprocal 
inhibition of ornithine and canaline on the two reactions and the fact that 
a summation of activity could not be obtained when liver enzjrme was 
allowed to act upon a mixture of arginine and canavanine at saturation 
substrate concentrations conclusively prove that the enzyme in liver acts 
upon the two substrates. 


29. Competition of protein substrates towards proteolytic 
enzymes. 

N. K. Iybngab, Calcutta. 

The, proteolytic action of an acetone precipitate of platelets on the 
following proteins were studied by estimating the increase in non-protein 
nitrogen in the digest : 

(1) Auto -digestion, 

(2) Auto -digestion + 1% Casein, 

(3) Auto -digestion +1% Insulin, 

(4) Auto -digestion + 1 % Plasma proteins. 

The results obtained throw interesting light on the question of 
competition of the different protein substrates when they are present in 
a mixture. 

It appears from the experiments that among the proteins tested, 
casein is the most susceptible, then comes the plasma proteins and last 
of all Insulin protein. Proteins which are dieted more,,easily than 
Insulin protein, appear to offer protection to I^ulin from enzymic pro- 
teolysis. A study of the digestion of Insulin by pure crystalline Tr 3 qpsm 
m the prince of high concentrations of other proteins easily susceptible 
to enzymic attack w3l throw direct light on the above hypothesis. It is 
proposed to extend this work on the lines indicated. 
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80. Dark adaptation tests in oases of dinioal night>blindneea 
due to vitamin A defioienoy. 

K. RajagoeaIi, Coonoor. 

{Nutrition Beaeareh Laboratories, I.R.F.A.) 

The dark adaptation curves of five oases of night-blindness were 
determined hy an apparatus of the Birch-Hirsohfeld type constructed in 
the Laboratories. As compared with normal controls these showed a 
greatly decreased rate of adaptation cmd a raised final visual threshold. 
The administration of 216,000 international units of vitamin A in a single 
dose (Prepalin) brought about a change m the dark adaptation curve 
within six hours. Within forty -eight hours ihe curves haid returned to 
normal and the patients themselves recorded the improvement in their vision 
in restricted light. Two of these oases had previously been treated with 
relativ^y small amounts of vitamin A through the medium of cod liver 
oil without striking or rapid improvement so that a high dosage of 
vitamin A appears to be necessary if immediate effect is to be obtained. 

Pharmacology 

31. Pharmacology of Benzo-mcotine. 

B. B. Dikshit and B. K. Nandi, Bombay. 

The pharmacological action of benzo-nicotine, a B 3 mthetic product 
closely related to the alkaloid nicotine, has been investigated and compared 
with that of nicotine. On the undifferentiated protoplasm l^nzo- 
niootine was found to be considerably less toxic than nicotine. Qualita- 
tively the action of the S3mthetic product closely resembled that of nicotine 
on the circulatory, gastro-intestinal and genito-urinary systems and 
quantitatively it was approximately one -third as SMstive as nicotine. The 
mode of action of benzo -nicotine has also been discussed. 

32. Alterations in the electrocardiographic features brou^t 

about by digitalis. 

S. A. Rahman, Hyderabad-Deccan. 

Electrocardiographic changes were studied on isolated frog’s heart 
perfused with digitalis solution and edso on the hearts of anaesthetized 
rabbits, oats, and dogs, by intravenous perfusion, in acute experiments^ 
of 1 : 20 tincture digitalis. 

The initial and the most constant change in the electrocardiographic 
feature was found to be a depression in the S-T interval, followed later 
by an infarct type of Q R S complex. These changes were more marked 
in leads 2 and 3. The T-wave did not become inverted. On the contrary, 
there was a tendency for the T-wave to become more erect and pointed. 

33. Mode of action of vitamins in human system. 

N. K. Basu, Calcutta. 

A. Infiuence of growth-promoting factor of different vitamins on 
t Anterior Pituitary (hormone) was tested, and the following facts were 

observed: (1) Thoi^h there is no actual relation between vitamin A 
a^ the active principle of Anterior Pituitary, in all probability this 
vitamm acts as a stimulus to the formation of that active principle. (2> 
Vitamins B or 0 seem to have no connection with the secretion of Anterior 
Pituitary Hormone. 

B. Infiuenoe of Anti-diabetic fcMstor of vitamin-B-complex on 
Panoreatio gland was studied next. Experiments on lower animals 
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ehowed that aati-diabetio factor Btimolates the Islands of Langerhan to 
geoi^ Tnoiilwi and thus keeps the level of blood-sugar always constant. 

C. Bdation of vitamin 0 and Adrenalin, gland was then studied. 
It was found that this vitamin stimulates the secretion of the cortical 
portion of Adrenalin eland and thus keeps arterial tension normal. 

D. Sheets of vitomins on the growth of bacteria were also tested. 
It was found that vitamins have no direot action on cmy bacteria. Action 
of vitamins is more of a protective nature, that is, they act more by 
increasing the tissue-resistimoe than by virtue of their actual bactericidal 
property. 


34. Bates of action of Barbiturates. 

S. C. DASg Nagpur. 

Bates of action of Evipan, Pentotbal, Nembutal and Sodium 
Barbitone were determined by intravenously injecting gradually increas- 
ing doses and noting the time needed for onset of rieep, duration of 
sleep and time before advent of death (if any). The results obtained 
show that short-acting and long-acting hypnotics differ not only as 
regard the duration of action but also as regard the speed of onset of 
action. Two classes of deaths were observed — ^the imme^te deaths due 
to direct action of the drug and the delayed deaths due to some secondary 
effects such as partial anoxaemia during deep narcosis. 

36. The influence of Evipan sodium on heart and circulation. 

S. C. Das, Nagpur. 

The intravenous injection of Evipan into cats and rabbits always 
causes a fall of blood pressure, the extent of the fall depending on the 
dose, the rapidity of injection and the route of administration. When 
injected into portal vein instead of the femoral vein, the same dose 
produced a much less fall, suggesting detoxication in the liver. The fall of 
blood pressure was not duo to the reaction of the solution injected. Even 
with a small dose like 2 mg./kg. causing a just appreciable fall of carotid 
pressure, increase of jugular pressure, could be seen, indicating cctrdiac 
affection. Perfusion of cat’s leg in situ shows that direct vasodilator 
action as well as vasomotordepression both contribute to the fall of blood 
pressure. Contraction of the auricle strip of frog is depressed about 10% 
by 1 in 60,000 solution, 23% by 1 in 20,000, 60% by 1 in 6,000 and 96 to 
100% by 1 in 2,000 concentration. Myocardiographic records of cat’s he^ 
in situ demonstrate cardiac depression even with small doses indicatmg 
that cardiac factor plays a definite part in causing fall of B.P. even with 
small doses of Evipan. 

36. Cyanide detoxication in the rabbit and the dog as measured 
by urinary thiocyanate excretion. 

B. Mxjkebji, Calcutta. 

It is generally accepted that Cyanide introduced into the system is 
converted into thiocyanate. This convertion of a highly toxic drug to 
^ ^^^^paratively non-toxic substance appears to be a defence measure of 
the body similar to the detoxication in the liver of indol into indican, a 
normal urinary constituent. f 

Working on this hypothesis, sub-lethal amounts of NaCN were 
injected into a series of six rabbits and five dogs and the urinary 
rumination of NaSCN was measured from day to day up to ei^t days. A 
^ V rabbits was also injected with stoichiometrio proportions 

ot NaSCN and the excretion of thiooyemate was followed up as control. 
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The comparatively recent .analytical method of Bamnann et ol. 
(J. Biol, Ohem,^ 100, XIII, 1933; 105, 209, 1934) was employed for the 
urinary thiocyanate determination. This method is claimed to have 
an error of less than 7% in quantities between 0*6 to.4‘0 mg. per litre. 

In the rabbit injected KaON has been found to be almost completely 
converted into NaSCN. Nearly the whole of the NaON can be accounted 
for quantitatively as NaSCN within a period of 4 to 7 days* In the dog, 
on the other hand, cyanide conversion is never complete and usually less 
than 60 per cent of the injected, a period of 7 to 9 days in the urine. 

The possible causes for this difference in the rate of excretion of 
NaON in the two animals are discussed. 


37. Studies on the keeping properties of liquid extract of 
Ergot. 

I. B. Boss and B. Mijkebji, Calcutta. 

In continuation of previous work carried out in the laboratory on 
the stability of liquid preparations of Ergot, further studies were made 
to determine the rate of deterioration of the total alkaloidal contents of 
Ext. Ergot Liquid, B.P. 1932. A sample prepe^red according to B.P. 
specifications was divided mto four parts — ^A, B, O, D and maintained 
under the following conditions : (i) Sample A was kept in low temperature 
in a Refrigerator between 6--8°C.; (ii) Sample B in a dark cupboard at room 
temperature; (iii) Sample C in room temperature but exposed to bright 
day -light, and (iv) Sample D in an Incubator at about 37®C. Each sample 
was subjected to assay at intervals of 15 days and this procedure was 
continued up to 300 days. 

Sample A was found to yield a total alkaloidal content of 46 mgms. 
per 100 c.c. from the original reading of 71 mgms. per 100 c.c. Samples B 
and 0 gave values as low as 8-3 mgms. jjer 100 c.c. and Sample D came 
down to 3*6 mg. per 100 c.c. 

This study indicates that the keeping properties of liquid extract 
ergot are very poor indeed. Only when samples are stored in refrigerators 
at a fairly low temperature, there is some chance of retaining the potency 
of the preparation. Even then there is considerable deterioration in less 
than a year’s time. 


38. The action of certain soluble camphor derivatives on the 
circulation and resjnration. 

J. C. David and R. Keushnaswami, Madras. 

Camphor has been very popularly used as an analeptic in spite of 
repeated pharmcK^ological reports as to its inefficiency as a cardiao and 
medullary stimulant. Owmg to its insolubility various soluble deriva- 
tives have been advocated m its pktce. One such derivative, campho- 
sulphonate of diethylene diamine heis been examined by us for its cardiac 
and respiratory actions. Our experiments show that on the hecurt its 
action can be completely explained by a peripheral stimulation of the 
vag^, the effect disappectring after atropinization. Any temporary effect 
clinicc^y noticed on the volume of the pulse and the peripl^ral circula- 
tion can be shown to be due to a refiex initiated by the irritant cu^tion at 
the site of injection, * Solucamphre ’ (Delalemde) produces stimulation of 
the respiration in ^Eperimental animals under anaesthesia and oxygen 
consumption is definitely increased. This effect is also mostly abolished 
after atropinization. Solutions containing caffeine or strychn^e show no 
potentiation but just an additive effect. 
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Anatomy and Histology 

39. The relation of M. Plantaris of the Soleus muscle. 

Bbu Mohak liAL, Hyderabad-Decoan. 

(1) M. Soleus develops and increases in size and attachments as the 
animal advances in the scale of evolution. 

(2) M. Plantaris, degenerates as the animal advances in evolution. 

(3) The tendon of insertion of M. Plantaris functionally takes the 
place of M. Flexor digitorum brevis whenever the latter muscle is absent, 
and forms exclusively or partly the short tendon of the principal digit of 
the foot, besides giving tendons to some of the other digits. 

(4) Plantaris fascia is the degeneration of M. Plantaris resulting from 
the suppression of the muscle. 


40. A modification of Raman Y Cajals’ silver impregnation 

technique — on celloidin embedded materiab for sym* 
pathetic nerve fibres and regenerating nerve tissues. 

G. K. Ghosh, Patna. 

Fixation 10% formaline or acetic formaline. 

When the celloidin block is made by the method described and sections 
are ready, the following method for staining is adopted : 

1. Wash the sections in four changes of distilled water for J hour. 

2. Place them in 4% nitric acid for 3 minutes. 

3. Wash in many clmnges of distiUed water for 1 hour. 

This step is important as any trace of the nitric acid alters the pH 
of the silver solution and the impregnation is considerably delayed. 

4. Place the section in 10% silver nitrate at 37®C. (incubator) for 
2 to 3 days until sections are yellowish in colour. 

5. Wash the sections in distilled water for J to 1 minute. 

6. Reduce in the following solution : 

Hydroquinone , . . . . . 2*5 grm. 

Formalin . . . . . . 6 c.c. 

Distilled water . . . . . . 95 c.c. 

After washing well in running tap water for some time, it was found 
advisable to remove the surface precipitate which frequently develop in 
large section, in the following way : 

7. Dip the section into 2% nitric acid for 20 seconds. 

8. Place immediately into 6% hyp. solution, clear in 2 minutes. 

Wash well in running tap water. 

9. Dehydrate in alcohol, clear in xylol and mount in Canada balsam. 

41. The problem of intercommunication between the pulmonary 

and the bronchial vascular (blood) systems. 

Pbabbas Chandba Bakshit, Calcutta. 

The blood supply of the respiratory tree differs in different sites — 
trachea — inf. thyroid artery; the bronchi up to commencement of 
refipiratory bronchioli — ^bronchial artery; r^sp. bronchioli up to the 
pulmonary alveoli — ^pulmonary artery; pleura in man and in ani mals 
^th thick pleura — ^bronchial artery and in animals with thin pleura — 
pulmonary artery. Bronchial veins drain bronchi up to 2nd or Srd and 
pleura at the hilum. Pulmonary veins drain rest from four zonular 
sources — ^pleura, air sacs, respiratory bronchioles, bronchi after 2Dd or 
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3rd order. Interoommunioatiozi may be arterial, venoua, or arterio- 
venous. In man and in the dog arterial capillary interoommunioation 
has been found on the walls of dependent air vesides in the region of the 
resp. bronohioli. Venous interoommunioation has been proved. No 
arterio-venous oommimioation has been observed. 

The importance of bronchial arterial supply in normal responses of 
the lung and the extensive oollateral development of the same m patho- 
logical conditions of the pulmonary vascular system are daily becoming 
evident. The interrelationdiip between the two arterial systems in the 
guinea-pig and the rat has been described in this paper. Methods of 
investigation together with photographs of celloidin oasts of the vascular 
systems have been moorporated. Evidences of the existence of arterial 
communication ajce present. 

42. Histology of avitammosis in insects. 

B. Q. L. SwAMY and M. Sbeenivasaya, Bangalore. 

The rice moth {Cforyrue sp.) when fed on diet free from vitamin 
exhibits a poor development and shows an extremely sluggish behaviour. 
It was thought that such ioseots would provide exceptionally advantageous 
material for conducting a histological study of the ohcuoges in tissues 
induced by avitaminosis. The insects beu^ small, lend themselves to 
their being cut in their entirity, thus yieldi^ sections in which all the 
organs could be simultaneously examin^. 

These histological studies have revealed that the deficiency of 
vitamin brings about a marked degeneration of the nucleus in almost 
every cell that has been examined under the microscope. The nerve 
tissue also shows signs of degeneration. Microphotographs and drawings 
of the sections illustrating the kind and extent of degeneration will be 
presented at the Session. 



SECTION OF PSYCHOLOGY AND 
EDUCATIONAL SCIENCE 

Preaident: — Latit, M.A., Ph.D. 

General Problems 

] . The conception of mental inheritance. 

N. N. Sbn-Gxjpta, Lucknow. 

It is neoessary to define certain terms in order that the conception 
of heredity may he applied to mental life. The paper attempts to give 
these preliminary defimtions. Secondly* certain methods have lately 
been followed in the study of mental inheritance. These are discussed 
in the paper. 

2. On ProfesBor Woodworth’s psychological theory. 

P. S. Naidu, Annamalainagar. 

Middle-of-the-road psychology championed by Prof. Woodworth is 
not without its assumptions and hypotheses. No * explanation* of human 
behaviour can be confined to the mere registration of faeta. So, 
Woodworth’s psychology is found to contain a well-defined theory which 
is a sort of half-way house between non-theological mechanistic 
behaviourism, and purposive hormism. Four impoctgnt aspects of this 
theory have been singled out for criticism in this paper. They are 
(1) dynamism, (2) the concept of Sets, (3) drives, and (4) piurpose* And 
in each case it is e^own how the position held by Woodworth is untenable, 
because it contains an irreconcilable mixture of behaviourism cuid pur- 
posivism. The purposivistic elements in these concepts, it is contended 
here, possess great survival value. They should, therefore, be developed 
in the propoer direction. And when they are so develop^, it is found 
that Woodworthian stato -dynamism fiowers out into McDougallian 
hormism. 

3. Psychology offers service. 

N. Mukbeji, Calcutta. 

Psychology, like civilization, has moved through various stages and 
tl^ present step of its progress ean be labelled as the ^industrial age’. 
Till the last great war activities of psychology were mostly limited within 
the fields of armchairs; 1914-1918 wrung all that could be utilized from 
every science, ^yohology included. Since then industrial countries all 
over the world have accepted whatever aid psychology could offer. 
P^chology got rid of inertia, it moved into nurseries and kindergartens, 
schools and colleges, armies and battlefields, hospitals and dinics, £EM3tories 
aM workshops offering its service. Workers for pByohology’'W 0 re never 
adv^ised nor the journals made fashionahile, stfll the growth of both 
hasbeen tremendously rapid. The present status of psychology is not 
hased on breaths of disouwon but rigorous scientific treatment of data 
obtained. This j^per deals with the various resources of psychology 
trom which practical aid has been and can be tapped; some suggestions 

( 286 ) 
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have also been added whioh could be helpful to the educational insti- 
tutions in Lidia, in their practice. 

4. Drags and mystic ‘ visions 

Raj Nabain, Lucknow. 

In considering the etiology of mystic * visions’, a possibility that 
readily occurs to us is the use of drugs by mystics. T^e question is: 
Are drugs in or by themselves sufi&cient to produce mystic ^visions’? 
An answer to the question is attempted by considering in detail the 
nature of visions induced by the major drugs (alcohol, hashish, mescal 
and peyote) used by mystics, and by distinguishing these from mystic 
visions. It is also observed that the use of drugs must be combined 
with a religious disposition, attitude, or temperament in order to evoke 
mystic visions. It is suggested that a theory of mystic visions should 
ba^ itself upon those basic psycho-physical states wHch imderlie all the 
diverse practices like fasting, yogic regulations and kri/yas, suggestion, etc., 
that lead to visions in mystic life. 

6. Growth of meaning-experience. 

Kali Prasad, Lucknow. 

I. 

1. Two things seem to be clear, viz. (i) that meaning in some form 
or other belongs to or characterizes all experience however rudimentary ; 
(ii) that meaning develops and elaborates as the Individual grows. The 
variation of behavior-pattern in response to the recurring stimulus - 
situation shows that there is appreciation or at least a perception of 
meaning. Otherwise variability cannot be adequately explained. This 
does not imply that * Meaning’ is an eTUity or quality wMch does something 
to experience. On the contrary, meaning-reaction is a behavioral pattern, 
with specific and defined outlines. 

2. The development of meaning-reaction occurs through such 
pervasive and elementary activities as the following: Symbolizing, 
Construction, over-determination of image, irreversibility, transduction, 
shifting orientation, etc. 

3. With the rise of language meaning-experience makes yet another 
advance. Bean’s work on pre-lmguistic equipment of child. The 
emergence of the so-called * Rhemes', 

4. Further development occurs with the rise of ‘Relation * like causal 
relation, association, synthesis and syncreticism, participations, etc. 

5. The r61e of Ego-centricity, animism and artificialism in the 
development of meaning. 

II. 

1 . Apart from the genetic approach we may now take up an analytical 
and experimental study. 

2. We select a group of (i) children, (ii) adults, and they are 
experimented on certain materials used in our lalx>ratory. The materials 
consist of, for example, ink-blots, drawdugs, non-sense words, unfamiliar 
objects and situation, concepts and general ideas. 

3. Conclusions. 

6. On the nature of Aristotelian abstraction. 

W. BxnaBiDGE, Lucknow. 

The Brain is the machine with which we do our thinking cmd its 
units Are nerve cells which in their turn are living colloidal systems. 
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Sttoh eystems provide tke machine with two sources of energy, and 
experiments with alcohol demonstrate that the one source of energy 
provides us with the capacity to judge our data, and that the other provid^ 
us with the data that we judge. It is inherent to the machinery that the 
more we use of the one source of energy, the less can we use of the other 
and vice versa. Certain motor analogies are used to show how this 
relationship can mislead. 

Variations in the proportions of the two sources of energy provide 
an infinite series of thought-alloys which, for convenience, are divided 
into six strata or mixtures. The stratum of solid and definite fact, the 
eucritical, is shown to merge on the one side into the indefinite and vague 
or hypophasic, and, on the other side, into the paracritical, a stratum 
where the definitely round acquires roundness. This is also the stratum 
of Aristotelian abstractions. 

Four ways of obtaining thought-alloys of this composition are 
considered without prejudice to the possible existence of others. One 
way is by accretion or addition, another is by abstraction. Differing 
methods of arriving at the same end-result naturally provide material 
for controversy unless one appreciates the nature of the end-result and the 
paths leading thereto. 

7 . Nature of aesthetic appreciation as revealed by introspection . 

N. S. N. Sastry, Mysore. 

Recently the problem of aesthetic appreciation has engaged the 
attention of experimentalists, a good deal. Complicated and elaborate 
appliances are used to record a number of physiological changes in order 
to locate the physiological basis or manifestation of appreciation. And 
it is significant that introspection continues to play an important r61e. 

Fifty thoroughly reliable persons took the test. After attending to 
the stimulus presented to them as long as they liked, they were asked to 
lecord their introspection. Only very rarely they wer» aided by indirect 
questions. Both music and painting were used as stimuli. 

The analysis of the introspections is very interesting. The fift^ 
subjects were divided into five classes on the basis of their aesthetic 
standing as judged by the group itself. The introspections reveal: — 

(a) The absence of any discernible emotion, presence of intense 

pleasant feeling, transient imagery — in the highest group, 

(b) strong and intense emotion, pleasant feeling, imagery (often 

very steady) — in the lowest group. There is also marked 

sensory experience, and 

(c) intermediary stages in emotional conciousness in the inter- 

medickry groups. 

8. The sympathetic induction of emotions. 

P. S. NAXDtr, Annamalainagar. 

One of the most important factors in group behaviour is the sharing 
by all members of the same group of an emotion experienced only by a 
few. This phenomenon, called Sympathetic Induction has been analyzed 
by McDougall, and its potent infiuence over the mind of the individual 
as well as of the group has been established. But Prof. Allport disputes 
the conclusion of the great leader of hormic psychology. Three, objections 
based on (1) experiments on the maturaticm of instincts, (2) experiments 
on the identification of emotions by photographs of their facial expressions, 
^^d (3) induction of sentiment, have been raised. This paper meets the 
objections, and while establishing the indisputability of Induction, draws 
attention to the prevalent sources of misunderstcmding of MoDougall’s 
hormic ^eory of human behaviour. 
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9. Deterioration of pgyoKo-physioal functions in oH age, 

Jf. N. SBN-GiTFrA, Lucknow. 

The psyoho-physioal functions deteriorate in different degr^ in old 
age. Attempts have been made to estimate the extent of such diminution 
in terms of objective tests. The paper gives an account of the data 
and attempts to interpret them. 

10. On boss-subordinate relation. 

Pabs Bam^ Ijahore 

Four ofidcers in-charge of big departments employing a large number 
of subordinates were asked to express themselves regarcung their opinion 
of the subordinate stciff. They were allowed to speak freely of what 
they thought of their subordinates and in order to achieve this no notes 
were taken in their presence. The interview was of the nature of free 
association. Subordinates, according to these officers, were very good 
at carrying out mechanical instructions but they fumbled whenever they 
had to exercise judgment or had to take the initiative. 

These observations suggest that boss-subordinate relationship 
encourages a diffiisive response in the subordinate who is oriented more 
towards the person of the boss than towards the task. Such a relation 
does not suit a complex organization m which even the subordinate has 
to show a capacity to make judgment. An attempt is made to anal3^e 
the causes of this state of afiairs. 

11. The role of mental eet in determining the couiBe of 

associative reproduction. 

S. M. Mohsin, Patna. 

The traditional theories of association explain the reproduction of 
the associated materials. They fail to accotmt for the appropriateness 
of the materials to the situation of recall. The b^avioristic expla- 
nation is similarly inadequate. The Wurzburg psychologists offer a 
satisfaoto]^ account. They explain the specification of the course of 
reproduction as the function of a determining tendency or mental set 
released on the proper acceptcuice of the task. 

The writer’s experiment on controlled association reveals the opera- 
tion of a mental set facilitating certedn responses and inhibiting omers. 
The set functions by increasing the speed and efficiency of the response. 

The law of perseveration or inertia describes the function of * sot ’. 
Experiments done by Thomcuaty Muller and Pilzecker show how the resist- 
ance to chcuige or perseveration facilttates certain responses and hinders 
others. The law of ' retroactive inhibition ’ in learning is also an instance 
of the operation of set. 


Educational Psychology 

12. ‘Mixed sentenoes’ in Hindi as an element of a group intelli- 
genoe test. 

S. Jalota, Sholapur. 

A test of sixteen items of * Mixed sentences ’ in Hindi were selected 
from Jha’a adaptation of Terman’s ^up test. Fifty-four students of 
the first year, and third year class in the OoUege were tested. The 
results were correlated with the Universi^ scores. The correlation was 
low ranging ffom +*17 to -f *30 only. &> I do not think that *]MSxed 
sentendM * in Hindi is suitable as a test-element in a group intelligenoe test. 
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13. A test for reading ability. 

Sabojbitdbakath Boy, Calcutta. 

Test for reading ability forms one of the items of the Vocational 
Gmdance examination which is now beu^ conducted by the Applied 
Section of the Psychology Department, University of Calcutta, among the 
school boys of Bengal. The writer discusses a method of evaluating 
reading ability that he has been following for about a year with fairly 
good result. Attempt is devised and being made to prepare norms of 
reading ability for different age groups. 

14. A note on the Bengali version of the new Terman and 

Merrill test prepared by the Psychology Department 
of the University of Calcutta. 

Krishna Chandra Mookerjee, Calcutta. 

Certain essential features bearing upon the standardization of the 
Bengali Version of the Terman and Merrill Intelligence Test as adopted by 
the Applied Section of the Psychology Department, have been discussed. 
The data collected so far by administration of the tests to the school boys 
and girls of Bengal have been scrutinized to examine the variability of the 
I.Q. in relation to age, the reliability of the scores, individual differences in 
results when tested with different ‘forms*, etc. From the statistical 
study of the available data it appears that the I.Q. variability in relation 
to age is approximately constant for the Bengali version of the test. 

15. What is the relation between the average mark, the 

minimum for a pass and the percentage in an examination ? 

A. A. Krishnaswami Ayyangar, Mysore. 

The question envisaged in the title is answered by the formula 
p ^ m{dYldX)x^^ . , .. .. (1) 

where 100m, lOOp, 100# denote respectively the percentage of average 
mark, the minimum percentage for a pass and the percentage of passes 
respectively and Y = f{X) is the Lorenz curve corresronding to the 
frequency distribution of the marks. For getting a suitfimle formula the 
present writer has utilized a new distribution which corresponds to a 
cubic Lorenz curve. When the curve is thus specified, the relation (1) 
takes the form 

p = 14.(6m-4)a+(3-6m)s« . . . . (2) 

w here t he limits for m are 1/3 and 2/3 and the limits of a are 1— and 
Vl—p, which work out to 40% and 80% when the pass minimum is 36%. 
The formula (2) implies very simple and sound principles: — 

(i) reasonable limits for the average and the pass percentage ; 

(ii) the percentage of passes increases with the average mark ; 

(iii) the average mark is greater than, equal to, or less than 50% 

according as the percentage of the failures is less than, equal 
to, or greater than the minimum percentage for a pass ; and 
thus provides a ready method of discovering discrepancies 
in marking. 

Three indices, 

A =J>/{l + (6m-4)«+(3-6m)**} , 

A = f>{l+q)f(l-p), where l+3p(l— 2w)/(3m-l)* = 

»9 
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are suggested to measure respectively the stifihess of the questions, the 
performance of the examinees, and the stringency of valuation. 

A more satisfactory distribution for marks is one which corresponds 
to the biquadratic Lorenz curve which is uniquely detennioed by the 
extreme ^^sdues of the raisge, the modal value and the average. 

16. Language test in aritluuetio. 

A. N. Basit and N. Mukbbji, Calcutta. 

Object — To determine the difference in results when arithmetical 
sums are given in English and again in Bengali. The present experiment 
was conducted to examine the extent of the effect which the recent changes 
in regulations of Calcutta University Matriculation Examination may 
havejproduoed. 

Procedure — A set of test questions was prepared in English comprising 
four simple problems in arithmetic and four sums of mechanical nature. 
The set was translated in Bengali also. Each of the above sets was 
horizontally sectioned into two equal halves, thus we had four sets of 
test materials IE and 2E, IB and 2B. Testa IE and 2B were applied 
on two occasions to 250 boys and girls of various secondary schools in 
Calcutta and to another 250 boys and girls tests 2E and IB were given, 
l^reoaution was taken to see that the schools and students were chosen in 
a random manner. Each correct answer received one score. 

Btatistioal details of the results being given m the original 
paper, only a general view is supplied below: — 

Total score in Bengali Tost . . == 1035 

„ ,, English „ . . 890 

Gain over English . . == 145 or 14% approximately. 

Total scores in ‘Problems* in Bengali » 500 

,, ,, 'Mechanical sums* m Bengali ~ 530 

,, ,, ‘Problems* in English = 369 

,, ,, ‘ Mechanical siuns ’ in English as 524 

Difference between the scores in Mechamcal siuns in Bengali and 
English s= 6 or 1*1% approximately. 

Difference between the scores m Problems in Bengali and English = 
131 or 26*2% approximately. 

Types of mistakes have been analyzed and their frequency determined. 

Condueion — ^The introduction of the mother tongue as the medium 
of examination would tend to produce better educational results. 

17. The problem of over-age ohildren in schools. 

JiVAN Dhait Baitektsb, DehralHm. 

It is a general feature of all schools to have on its rolls a number of 
over-age ohildren in each class. A question is, therefore, often raised if 
the over-age ohildren in a class are at an advantage or disadvantage due 
to their relatively greater maturity. This discussion would also throw 
a good deal of light on the probable factors determining over-ogrtn^. This 
paper, therefore, attempts to arrive at a solution of the question by an 
analysis of school marks. 

18. A search for the qualities of good teachers. 

N. Mxjkbbji and S. C. Dtjtt, Calcutta. 

Seventy students of a B.T. class were supplied with the following 
question on the opening day of the class, *What are the qualifications of 

Z9B 
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a good teacdier? Mention the Tx>inta only*. The reeults were olasdfied 
and tabulated under ftve broad oategories, (a) Personal equipments, (5) 
Professional preparation, (c) Relation with pupils, (d) MisceUaneous, (c) 
Negative traits. Each class was divided and subdivided into detailed 
traits and frequency of each trait was determined. The total number of 
the traits thus analyzed was about eighty. 

The following five qualities received the highest frequencies in the 
above-mentioned calories in resp^ive order, (a) Proper enunciation, 
{b) Method of teaching, (o) Amiability, (d) Moral standard of the teacher, 
and (e) Mannerism. 


19. A comparative study of the essay and the objective type of 

examinations. 

H em Chaedba Bakbbjsb, Dacca. 

A comparison was made of the scores obtained by a group of boys on 
the two types of examination covering the same subject-matter in HMory 
and Geography. The scores indicate that an average boy knows about 
twice as much of the subject when tested by an objective examination 
as when tested by an essay type of examination. But the correlation 
between the points known to the boys (as determined by the two types of 
tests) was found to be low. In the case of more intelligent boys, i.e. 
boys whose J.Q. was more than 100 the correlation between the points 
in the two types was much higher. Thus the varying intelligence of the 
pupils tested is a more decisive factor in the results obtained than is the 
method of learning and testing used. 

20. A study in the correlation of marks in an individual subject 

with the aggregate of marks in all the subjects, and 
some inter-correlations of high school subjects. 

M. A. Hakim, Lucknow. 

The problem of correlation of mental abilities has been approached 
from many angles. This paper attempts to work out the problems on 
the basis of school marks. School marlm on each subject may be supposed 
to reflect a certain kind of ability inasmuch as each implicates a specific 
process of learning, A correlation of marks then will reflect the correlation 
of these abilities. Again, the total marks, in the same manner, reflect a 
cri^e ag^gate of abilities in terms of which the individual attempts to 
adjust himself to scholastic situation. If, then, a relation is discovered 
between the toted marks and the marks in a particular subject it wiU be 
possible for us to estimate the value of eadi subject for the total scholastic 
adaptation. The present paper makes an attempt to bring out these 
points. 

21. Study of sobool marks. 

(Miss) Shakti Agabwal, Lucknow. 

From the study of school marks it appears that the abilities of a 
pu^ remain constant within certain limits. The marks obtained by 
cacm student during different yeears in different subjects are constant 
Within certain limits. * 

Again, it has been said that there is a certain amount of variability 
irom year to year in the ability of a student due to training but in the 
students the coefficient of variability remains almost constant. 

This group of students has been analyst with respect to their 
instancy of pi^ormance *^lativrfy to different subjects^ w^ch, in their 
IS practically the same. 
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Lastly* these marks are * analyzed with respect to their mutual 
oorrelktion. It has been found out that there is a ve^ high degree of 
correlation between |Rn g1inb and History* emd Mathematics and History. 

The oonstaney of performance stigg^s the presence of certain common 
factor. Since these girls come from approximately the same social and 
economic status* the common factor lies in this fact. Again* it has been 
supposed that girls are given to harder work than boys. 

In History* and Mathematics girls usually employ a visual 

schema to retain imd to arrange facts. In the Vemacufisu they are guided 
by auditory-kinaesthetio (verbal) schema. The low correlation may be 
explained on the basis of the difference between the visual and verbal 
methods. 

22. Variability in achievement with practice. 

S. K. Boss, Calcutta. 

Whether the effect of practice under identical condition makes a 
group of individuals more alike or more different in their achievement* 
is a problem not only of interest to the scientists but is of great importance 
also to those dealing with public policy in education. '!l^e experim^tal 
results of different investigators show discrepancies. It has been found 
that while the iise of relative measure, such as V, in statistical calculation 
in^cates convergence of individual differences under equal training* the 
employment of absolute measure like A.D. or S.D. points to the presence 
of divergence throughout the period of training. The present paper 
(i) reviews some recent investigations in this subject* especially those by 
Kincaid, Peterson and Barlow, Heed, and Anastasi, (ii) considers how far 
the discrepancy in results is dependent upon experimental conditions* 
nature of task given and statistical procedures adopted, and (iii) concludes 
that under certain limitations the principle of ‘equal opportunity for all’ 
is justifiable. 

23. Interpretation of Intelligence Test results in two specific 

cases. 

H. P. Maiti, Calcutta. 

An attempt has been made in this paper to delineate the psychological 
significcmce of individual Test item scores obtained by two brothers in an 
a&ptation of Terman Intelligence Tests. On the basis of the analysis 
given it appears that in some cases at least individual test item scores 
and the nature of the responses under the individual items are of greater 
significance than the I.Q. An account is given of the educational 
improvement effected in oncbof the cases on the basis of the psychological 
significance of the scores and responses. 

24. The home background and the new school. 

Jaodish Singh, Lahore. 

In a progressive school which is run on the lines of new education, 
the pioneers meet with vcuious types of difficulties. A residential and 
co -educational institution on the lines of Adolph Ferrier’s L’Ecole Active 
was established in the Punjab recently. In developing a group life among 
tl^ children of that mstitwon, the management experienced the following 
difficulties which refiedted very prominently the home backgrotmd of the 
children: — (a) Lack of a co-operative spirit in manual activity, team spirit 
at the playmund and table manners at the dining table. (&) Personality 
problems the dffidren. The author examines some of the typical 
factors that i n flu e nce a child’s behaviour in the home and the way they 
come^hlto play in the school. Factors such as (a) the social status of the 
family, (b) the order of birth of the child, (c) the r61e of the mother in 
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tbe home, (d) the attitude of the parents to the eohool— are examined. 
Some typic^ cases are dealt with. 

26. Causes of the varianoe of out-turn of work in mental testing. 
DwuEKDBALAii Gangtoy, Calcutta. 

Forms ‘L* and ‘M* of the Individual Intelligence Test, revised and 
standardized by Terman and Merrill have been modified and adapted 
by the Applied Psychology Department of the Calcutta University in 
connection with the Vocational Guidance work taken up by the depart- 
ment. Vocabulary test is a part 6f the form *L’. Terman and Merrill 
vocabulary was found unsuitable as a test in this country and so it was 
substituted with a new vocabulary of 100 English and 100 Bengali words. 
This new vocabulary is yet to be standardized and a large number of 
data is required for the purpose. During the collection of such data, it 
was noticed that the out-turn of work by individual worker varied at 
different time intervals. This feature attracted the attention and detailed 
information as to the work by three different workers, working for four 
days each, was noted. The working period of each day was divided into 
eight equal intervals and out-turn of work by each worker for each period 
was kept in a tabular form and out-turn curves were drawn. Introspection 
of each worker after each day’s work was taken. In discussing tbe 
possible causal factors for such variance, fatigue curves of big and small 
muscles taken in the laboratory of tbe department with the help of 
Ergograph €uid output curves in the industrial field taken from * Industrial 
Psychology in Practice’ have also been considered in this article along 
with outturn curves obtained. 

26. Mental factors in attention errors. 

J. K. Sabkab, Muzaffarpur. 

The main purpose of this paper is to indicate different levels of 
attention errors. Tachistoscopic experiments made -on 300 subjects 
testify to this. According to Titchener, attentive consciousness manifests 
two fields, the clear and the obscure, and this dual-level formation solely 
depends on the nature and forms of stimuli. But the obscure field or 
hazy maigin is not only determined by conditions of stimulation but also 
by the tendencies or subjective factors that are brought into the stimulus- 
situation by the subjects. Inurospective and experimental obi^rvations 
show that some of the attention errors are not direct but infiuenced 
rations. They further point to the fact that every attention is a double - 
sided process involving depression and release. 


Physiological Psychology 

27. Sleep. 

Udai Bhanu, Indore. 

This is in continuation of the paper read last year. 

Sleep is that depressed state of the brain in which the lost energy is 
regained. Depression is found in several diseases, like hysteria, insanity, 
epilepsy; but that depression is not called sleep because there is no repair. 

Sleep is a state of the brain but it cem very well be detecttj^ by certain 
explicit changes in the body. It is not at all difficult to de^ieob a aleepy 
from a waking man. It is regarded ad a passive reflex. Fatigue is 
the unconditioned stimulus that evokes it. 

There is no evidence of a sleep centre. Just as it is possible to 
J^intain consciousness by stimulating any centre of the bnun, in the 
same way it is possible to evoke sleep by depressing any afferent centre. 
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Sleep always starts fipom the sensory area and never from tha motor 
area. It may be induced from any oentre but it depresses the visual 
area first and auditory area in the last. Several x^rsons are observed in 
whom sle^ is deteotM in the eyes but the ears are working normally. 
We cannot produce even a solitary examplld in whom the ears were 
inactive and the eyes working normally. 

Sleep and consciousness both are essential for life. But continuous 
repetition of a stimulus causes sleep. So we always find in a normal man 
either avoidance of repetition or qualitative changing of stimuli in a long 
continued work. 

Further observation oontrculicts ^he view, held by me last year, that 
sleep is greatly affected by forgetting capacity. Several persons of hi^ 
forgettiz^ cajzaoity were found to be enjoying sound sleep. 

28. Brain rhythm and certain psycho-phyisiological variables. 
Bastt KmcAB Bagohi, Calcutta. 

By means of a specially constructed low-frequency, high cunplification 
four-stage push-pull amplifier and a dynamic recorder, electrical rhythm 
originating in the brain was led off the scalp of imanaesthetized human 
subjects placed comfortably in an electrostatically shielded semi-sound 
proof room. The following stimuli — a sudden call, buzzer, and speech 
amplifier click — ^when they were experienced as causing a startle produced 
a reduction of the amplitude of the alpha rhythm, change in frequency, 
new patterns, or a shift of the base line. Repetition of the stimuli tend^ 
to eliminate such effects indicatmg cortical adaptation. Drowsiness, 
sleep, feeling-toned thoughts creat^ electrical changes in the brain 
that were qualitatively and quantitatively different from normal ones. 
A verbal denial of mental choice was sometimes accompanied by record- 
able electrical happenings in the brain. Factors causing all the 
above-mentioned chmges are discussed and the imx)orteuice of electro- 
encephalography to psychology is pointed out. 


Vocational Psychology 

29. Analysis of some qualitative data obtained by the ‘ question - 

naire’ method from persons belonging to the clerical 
profession. 

Krishna Chandra Mookerjeb, Calcutta. 

Data obtained by the use of the questionnaire method from persons 
belonging to the legal profession were communicated to the last session 
of the Science Congress. The present paper reports the residts of investiga- 
tion by the same method among a group of more or less successful clerks. 

30. Gass, vocation and intelligence. 

N. N. Sen-Gupta, Lucknow. 

Attempts have been made, in recent years, to estimate the average 
T.Q. -values of the various social and vocational groups. The present study 
is a r^Bum^ and an analysis of these facts. It is found that the higher 
industrial occux>ation8 and professions contribute a larger number to the 
upper gra<^ of I.Q. but not to the lower grades. It is also found that 
the lower industrial posts contribute a large number to the upper grade 
of I.Q. along with a Isuger number to the lower grade. It is suggesiM 
that breeding on the part of the higher oooupational groups 

and hiperitanoe of traits would account for the data. 
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31. Three anomalous oases of oareer-ohoioe. 

IlABXEmsAiTATH Ghosh, Calcutta. 

These oases were studied in London. In each case, a eateer had 
already been chosen and a long course of training had been undertaken ; 
and an anomaly between the vocational activities and the career-objectives 
had b^n observed. Here the failures in the training for the careers can- 
not be explained without aiununing and understanding the unconscious 
motivations which found incidence in the choice of the vocations. These 
cases reveal a peculiar mechanism of * stay -on’ at the preparatory stage. 
In the vocational efforts of each case, aloi^ with a nagging and a pro- 
crastination, the following had been dii^vered: — the release from 
parental control, an intense desire for experience of a sojourn amongst 
people who are regarded with ambivalence, the provoking of a situation 
which would be difficult to cope with and which afterwa^ produces an 
expression of extreme helplessness and an experience of guilt-feeling, an 
expectation of punishment, a thick coat of rationalization, and a temporary 
oblivion and obliteration of career-objectives. These choices were made 
from the ideas of gains to be derived from the chosen professions and 
from the phantasies of benefits and power to be bestowed on them 
magically from their stays in England. 


Experimental Psychology 

32. D.L. for lifted weights (oonoluding report). 

Gk>PBSWAB Pal, Calcutta. 

D.L. for lifted weights under the condition of continuous increase, 
with different standards, with different rates of change and for different 
observers, were determined. 

Results were statistically analyzed. Weber’s Law was not found to 
be satisfied. Definite law was obtained relating D.L. values and standards. 
This law was found to be more general than that of Weber. 

33. A note on a significant case of mirror drawing. 

P. S. Naidtj, Annamalainagar. 

‘Mirror drawing’ is still held to be a case of learning by trial and 
error. But Dr. Gopalaswami and Prof. L. W. Jones have pointed out 
that ‘intelligence’ is the most important factor in this type of learning. 
Yet the conative factor has not been touched upon. TOie experiment 
under report here was devised to test the mfiuence of a strong motive in a 
difficult task. The data presented here prove that, under a powerful 
motive, the very difficult task of re-reversing mentally (ew in Stratton’s 
classical experiment) the direction-reversal of the star pattern in the 
mirror, was achieved by the subject right at the first attempt. The 
conatiye factor must be given the place of pre-eminence in all these so- 
called instances of trial-and-error learning. 


Psychoanalysis 

34. How spontaneous drawings of children can reveal the nature 
of their complexes — a short communication. ’ 

(Miss) Daman Badhwab, Lahore. 

. This paper attempts to discuss the value of spontaneous drawings of 
children in the diagnosis of their emotional difficulties. Two sample 
urawings of two problem-children from the Child and Touth Guidance 
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dinio, Lahore, are used as illustrative material. They clearly indicate 
the influence of subtle antagonisms and feelings of revenge which, in 
roite of the outward manifestations of docile behaviour, persists in the 
child’s unconscious towards his father and teacher. 

35. Examination psychosis. 

Baj Narain, Lucknow. 

A description of the exeunination psychosis has been attempted under 
three heads: (a) physiological, (b) psychological, and (c) pathological. 
The work of Brown and Velder, Smillie, Folin, Denis and Sn^lie, 
Tigerstedt, Ferrari, Bucciardi, and Dobeff and Tomojff is reported in (a). 
The results of an emotional questionnaire given to 405 students are given 
in (5). The observations of Redl, Bergler, Neumann, Stengel, and Stekel 
are discussed in (c). 

The paper closes with remarks on inter-relations obtained by Brown 
between emotional reactions before examinations and neurotic t^dency, 
and between Neurotic Inventory, Scores on Emotional Questionnaire, 
Intelligence, and Grades. 

36. The unconscious in hysteria. 

Nagendranath Db, Calcutta. 

Repression is defective in hysteria. The unconscious occupies much 
of the superflcial layers of the mind. Higher qualities of the mind are 
less developed and the mind remains childlike in many respects. 
The superflciality of the unconscious is responsible for its easy approach- 
ability and so the subject becomes more suggestible. Occupation of the 
same layer of the mind by the conscious and the unconscious without 
mixing with each other gives rise to the various Dissociation phenomena. 

37. The concept of sublimation. 

M. N. Sauaitta, Calcutta. 

Sublimation is a concept that has been used by a very few 
psychologists and that, too, in connection with abnormal psychical processes 
mainly. In the present paper an attempt has been made to explain 
psycholo^cal phenomena, l^th normal and abnormal, in the light of 
sublimation. Since the validity of these explanations lies on experimental 
support, the author here only gives his views and reserves experimental 
vertScations for a subsequent paper. 

t. 

38. The super-ego. 

C. N. Mbnon, Benares. 

The theory of repression presented by Freud in 1893 and 1896 failed 
to stand the test of subsequent clinical experience ; and slowly he postulated 
a Super-Ego. He did not then realize how materially thus modifled the 
horizontal division of mind into layers. Towards the end of his life, 
however, he explained mental phenomena in terms of a dynamic interaction 
of factors having parts in the conscious, preconseious and unconscious. 

This leads to the conclusion that ^e Super-Ego is not an entity 
but a function; that it has biological value ; cund that the general tendency 
to look upon neuroses as the tyranny of the Super-Ego over the Ego is 
wrong. Maladjustment is traceable not to the Super-Ego but to the whole 
personality* Repression may be not the blocking of one factor by another, 
but the interplay of aspects of an identiflcation, ‘identifloation being the 
psychological expression of the principle of unity’. An integral theory of 
mentaf life is ne^ed. 
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The Freudian theory failed to be integral beoause it was not suf^oiently 
dynamic. They looked upon the Super-Ego as an intruder produced at 
an intermediate stage by the Oedipus conflict. But the anmety charac- 
terizing the Oedipus con]^ct is not diflerent in kind from earlier anxieties. 
The Super-Ego is innate; the parent being only the symbol fashioned at 
the time when inner entities are objectivated and named. The free 
association method leads to the occasion when the 83 nnbol was first formed ; 
but its meaning is as much in the present and future as in the past. 

Fsychocmalysis has thus lost most of its startling and revolutionary 
implications. 

39. Love problems of college students. 

Pabs Ram, Lahore. 

This paper aims at analysi^ the hetero-sexual interests of men 
students (ages 17-22). The material for this paper was gathered from the 
case histories of youngmen who sought advice at the Child and Youth 
Guidance Clinic. The following types of interests were observed: (a) 
Love impulses directed towards middle-aged women, (6) Love object 
was a cousin or a girl strictly within the family circle. Girls outside the 
ffm^y circle were looked upon with awe, (c) Obsessional types of young- 
men did not show any deep interest in the girls they professed to love 
and showed a tendency to have numerous affairs. Some youngmen 
preferred inferior women as their love objects. An attempt has been 
made to find the Unconscious mechanism l^hind each of the types men- 
tioned above. Biographical material has been scanned to illustrate each 
type. The type of love in which personal regard for the love object is 
dominant is rare. Some of the typical attitudes towards the love objects 
such as hesro-worship, dependence, etc., have also been commented upon. 

40. Emotional starvation in children and young persons. 

K. D. Ghosb, Dacca. 

The paper discusses the various types of emotional starvation in 
the young and its results. It presents the data collected from a study of 
certain cases of a clinical nature and suggests remedial treatment. A 
plea is put forward for the application of the principles that underlie the 
remedial treatment. 
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Water Snpply and Sanitary Engineering 

1. Separate digestion of sewage sludge. 

N. V. Modak, Bombay. 

Satisfactory disposal of sewage sludge is the most important problem 
in modem sewage treatment. The widespread use of the activated 
sludge process especially in large plants has resulted in a munber of 
advances being made in the treatment and disposal of sewage sludge. 
It is now established that all types of sludges whether raw or digested 
can be dewatered and incinerated and that the adoption of a particular 
method is dependent upon economic and local conditions. The first part 
of the paper deals with the theory and practice of * Separate Digestion 
Method of Treatment’ in all its aspects. In the second part description 
of the digesting pletnt at Dadar and the data collected therefrom for the 
last three years is given. The present capacity of the Treatment Works 
is sufficient to deal with a fiow of 4 million gallons per day (d.w.f.). The 
mixture of the primary and activated sludge from the preliminary settling 
tanks is first treated for reduction in water -content and then pumped into 
a digestion tank and the gases of digestion are collected and at present 
utilized for cooking and heatmg. They will also be used in future as fuel 
for transport in place of petrol. No artificial heating was found necessary 
for maintaining constant gas generation. The constant level principle is 
followed in regard to the withdrawal and addition of the supematent 
liquor and fresh sludge. Drying is done on specially prepared bedb 
providing an area of 1 sq. ft. per 5 gcJlons of digested sludge. Experiments 
are also being made to prepare a compost with town refiise and digested 
sludge to improve manurial value. The Dadar digestion tank is the 
first scientifically controlled tank in India and it has demonstrated that a 
direct return from sewage disposal works cem be obtained by the digestion 
of sewage sludge, if the by-products of digestion C€ui be advantageously 
utilized, to meet a part of the interest tmd sinking fund charges on the 
cost of installation. 

2. A preliminary study of the ascent of water through soil 

columns resting on a water table, the loss of water by 
evaporation and the associated movement of salts in the 
soil. 

A. K. Mallik, Poona. 

^Experiments to study the ascent of moisture and the rate of 
evaporation fmm the top surface of soil columns resting on a water table, 
were done using soil evaporimeters designed and constructed at Poona, 
^ree types of soil wdre under investigation, the black cotton soil of Poona, 
the nonnal alluvicd soil of the Punjab and the ‘Bari’ (alkali) soil also 
irom the Punjab. The effect of lowering the water table below the 
surface on the rate of evaporation was studied by using 
nve dmerent distances of the water table, viz,, 6 in., 1 ft., 1 J ft., 2 ft., and 
o It. below the evaporating surface in the case of each of the three types 
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of soil studied. The loss of water by evaporation was measured daily 
for six months during the clear season of 1939. Mean daily vedues of 
evaporation for the months of Jcuiuary to June 1939 from the fifteen soil 
evaporimeters as well as from the XJ.S.A. standard evaporimeter are given. 
The results obtained show that 

(1) The ascent of moisture, in the open, is less than 3 ft. in the case 

of Poona soil, less than 1 ft. in *Bari* (alkali) soil and more 
than 3 ft. in the case of the normal Punjab soil. 

(2) In €dl the three types of soil studied, the loss of moisture by 

evaporation decreases rapidly as the water table recedes 
below the evaporating surface. 

(3) Evaporation from the * * soil ie( strikingly smaller than either 

from Poona or from normal fWjab soil. The evaporation 
losses from both of the latter types of soil, however, are of 
the same order of magnitude. 

The *Bari’ (alkali) soil was analyzed before and after the experiment 
and the results obtedned indicate that there was an upward movement 
of salts resulting in an CMScumulation in the top layers of the soil column. 

3. A new intensity raingauge. 

J. M. SiL, Poona. 

The design and construction of a new raingauge which directly records 
the intensity of rainfall against time is described. Rainwater is led from 
an 8^ funnel into three cylindrical receivers in succession. The receivers 
have light floats of identical design which operate a balanced system of 
levers linked with the recording stylus. Rainwater collects in each 
receiver for one minute only and the ^splacement of its float at the end 
of this period determines a new position for the stylus. This displacement 
is proportional to the mean intensity of rainfall during the minute interved. 
Emptying of the receivers is so timed that the pen passes from one position 
to another without going back to zero. As the record is composed of a 
succession of steps for as brief interveds as one minute each, it appears as 
a continuous curve. The filling and emptying of receivers is operated by a 
clock motor specially designed for the purpose. The intensity graph is 
obtained on a dady chart wound on a clock-drum such as is ordinarily 
used with meteorological instruments of self-recording type. A diagram- 
matic sketch and a photograph of the instrument are given. 

Two typical records obtained with the instrument are edso reproduced 
and describe in the paper. 

4. Problems of ventilation in deep mines discussed with the aid 

of temperature-entfopy diagrams. 

C. W. B. Nobmand and J. M. Sil, Poona. 

In meteorology adiabatic diagrams of various kinds are employed 
to gain insight into the behaviour of parcels of air as they rise and fall 
in the atmosphere. The best of these diagrams is Shaw’s tephigram, which, 
having temperature and entropy as its co-ordinates, is of a pattern familiar 
to en^eers. One difficulty in all atmos^oherio problems arises from the 
charging composition of the working sunstance; the amount of mter 
vapour per pound of dry air is a varying quantity. Shaw’s tephigram 
allows one to take this varying ouantity into account. Also, when Shawls 
tephigram is extended to slig^]^ hig^r temperatures and pressures, it 
b^mes applicable to problems of ventilation in deep mines. It enables 
one easily to predict how the air ten^rature, the wet bulb and dewpoint 
tmiperatures should vary, as the air Ases or feffis in a mine-shaft, provided 
the movement is isentropic or a<iUabatic. If, however, the air gains or loses 
heat from the walls of the shaft, the manner in which these thm tempera- 
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tuxes will be affected ean be deduced from the diagn^. So also if the 
walls of the shaft are damp and if the air gains in moisture as it ascends 
or descends, the resulting effect on the d^ and wet bulb temperatures 
can be gauged. 

This graphical method is compared with some results calculated in 
1925 by J. S. Jones and is claimed to aid insight in dealing with ventilation 
problems. 


5. Comparative observations of evaporation of water from 
different types of evaporimeters. 

P. K. Raiman, Poona. 


A general survey of the evaporative power of the air in India, was 
made in 1936 (India Meteorological Department, Scientific Note, Vol. VI, 
No. 61) using values of evaporation calculated according to the formula 


A7(1-465-0*0186jB) (0*44+0-118Tr) 



where E is the mean daily evaporation in inches, W the mean wind velocity 
of the day at 4 ft. above grotind in miles per hour, h the mean relative 
humidity and e the vapour pressure in inches of mercury. 

As a preliminary to the selection of the most suitable type of evapori- 
meter for general use in India, the Agricultural Meteorology Section of the 
Meteorological Office at Poona started comparative observations with 
different tjrpes of evaporimeters in 1936. The paper describes the various 
instruments and discusses the mean values of the data obtained with the 
various types of evaporimeters during the period 1936-39. The rate of 
evaporation in inches, as measured by the different instruments, may be 
converted into those of a standard U.S.A. type evaporimeter, by using 
conversion factors. These factors are, 0*9271 for a Piche evaporimeter 
inside a Stevensen Screen, 1*6990 for a wild instrument in a similar 
exposure, 0*8503 for ean. open pan evaporimeter exposed to the atmosphere 
and 0*6213 for a Piche in the open at 4 ft. above ground. These factors 
depend upon the instrument as well as its exposure. Actual five-year 
means of the evaporation in different months of the year are also given. 

For cheapness without serious loss of accuracy, the simple Piche 
type is a satisfactory instrument for general use. The installation of 
standard U.S.A. evaporimeter is advisable at Central Irrigation Stations 
interested in actual evaporation from large reservoirs, whereas the small 
Poona- type evaporimeter is sufficient for use at important experimental 
farms. 


6. Underground supplies of water in the trap-rock zone in 
the Bombay-Deccan and other allied tracts. 

N. S. JosHi, Poona. 

The paper gives a full account of the nature of subsoils of the Bombay- 
Deccan which are the source of undergroimd supplies of water. The 
author draws peurticular attention to the fact that it is the valleys of 
^las and rivers containing such deposits like Man, conglomerates and 
+ sand that hold water so as to form an underground water- 

table and that this is possible only in situations where a rock-bar exists 
P l^®low the nala or the river bed. The popular (incorrect) belief 
water higher up on the ridge is barod on the presumed existence 
'^^®rground currents which, the author points out, do not exist. 
J-ne few successful wells at times situated at ridges higher up above 
uajlas owe their supplies to the water-tables described above, the water 
oeing conveyed to the wells by conduits in the form of fissures in soft rock 
connecting the water-table with the well. The popular belief for winch 
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the water diviner with Mag^c Wamd is mainly responsible on the other 
hand, is based on the ekssumed existence of a current from the ridge to the 
vcdley. 

The author particularly lays stress on the intra-trappean layers 
called gheru which are mainly instrumental in the existence of the peculiar 
formation known as hard murum and boulders and which can retain 
large amounts of water from the local rainfall. Mere ei^sed rock or the 
small depth of hard murum overlying it cannot do this. The author 
advocates a theory explaining the formation of these hard murum and 
boulders as due to the underlying gheru which forms a weak foimdation 
and which, after exposure on sides, causes the superincumbent rock to 
settle unevenly and crack both vertically as well as horizontally. These 
hard murum and boulder layers serve to absorb large quantities of water 
during rains and to give out the same later on in cold weather and hot 
weather being conveyed by fissures to wells favourably situated or to the 
valleys of main streams. 

The author explains with sketches the existence of perennial supplies 
of water on hills like Shivneri and Shingnapur as due to these gheru 
layers, with formation of hard murum and boiilders above. Similarly, the 
water-supply on hill stations for health resorts like Mahabaleswar is 
explained by the porous laterite formations with impermeable trap rock 
below. 

It is upon these water bearing formations on the surface of the 
Deccan-trap that the imdergroimd supplies of water depend and investiga- 
tions for such supplies ought, according to the author, to be based ujj^n 
these in combination with such factors as the local rainfall and its distribu- 
tion, the frequency of fioods, the normal temperature and its variation, 
etc. Deep bores as in alluvial tracts are not successful in Deccan-trap as 
there is little chance of the deeper-lying rock ever getting water down to 
it, so as to be stored there. 

The author, however, stresses upon the advisibility of taking 
preliminary 3^ bores, 40' to 60' deep, before open wells are excavated or 
pumping plants with bores are installed. The author particularly 
advocates such bores of medium depth for potable water-supply to villftges, 
wells being restricted to irrigation schemes. 

7. A imiverBal flow formula for turbulent conditions. 

T. Blench, Punjab. 

The author attempts, from a dynamical viewpoint, to derive a fiow 
formula to cover the cases to which formulae of the Manning, Kutter, 
Von ELarman and other types are approximations. 

His basic idea is that, G^nce Von Karman has produced a very 
satisfactory universal velocity distribution law covering all boundary 
roughness and types, provided only that the flow be turbulent, it follows 
that there shoiild a universal fiow formula also covering different 
boundary types, and that the special formulae applicable to specific 
boundaries must be foimd from the universal one merely by correct 
expression of that part that deals with boundcury roughness. 

His formula is: 

V abs. const. ffRS • • • • • • (1) 

where V is mean velocity; i* i$ hydraulic mean depth; /S^ is the slope of 
the total energy line ; g is tbs goasleration of gravity, and x is : 

(а) For smooth boundary the laminar film thickness 5. 

(б) For rough boundary a lineehr dimension defining protuberance 

height. 

(c) For incoherent boundaapy the Lacey silt factor, /, dimensionally 
* corrected. 
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If Praadtre boundary layer theory be adapted to the laminar film it 
is found that 

Bfi oc 

So the smooth boundary formula derived from (1) is 

y at abs. const, (Fi?/v)^^® s/gBS . . . . (lo) 

or, in engineering form 

V = const, .. .. (la') 

(la) is as old as Reynold’s work, and (la^ dates from 1804. (la) is 
deducible directly from dimensional analysis. 

For rough boundary the engineering form is obviously 

y tast const. . . . . (16) 

which is, in practice, practically Manning’s fomula. 

For incoherent boimdary the Lacey formula 

F= (oonst.//i).B*S* (Ic) 

results. 

The author, while appreciating Von Karman’s work fully, points out 
that the universed velocity distribution does not completely fit data, 
diverging from them in the 20% of a pipe radius adjacent to the boundary, 
and that the Von EUurmeui flow formula is merely the result of assuming 
the velocity formula to fit the whole distribution, and then integrating it. 
It ccuinot, therefore, be expected to be of final dynamically correct form 
in spite of its excellent fit. 


8. A rational approach to the solution of a few sewerage and 
sewage disposal problems with special reference to 
Jamshedpur. 

S. K. Lahibi» Jamshedpur. 

The introduction points out that the recommendation of the Royal 
Commission should merely form a basis of any scheme. The rainfall 
characteristics and equations connecting the intensity of rainfall to the 
time of duration of rainfall both in England and in Jamshedpxir have been 
dealt with. The Jamshedpur equation arrived at by the author from 
nearly 200 observations in seven years has also been explained. 

The sewerage systems specially combined and partially combined 
systems with Dr. Coleman’s method for determination of the quantity of 
surface water to be allowed for in a combined system are discus!^. 
Jamshedpur observations for its partial combined system are given in 
detail. Suitable sewer sections have been fully discussed and an egg- 
shaped sewer with a rectiuigular top has been recommended. The layout 
and general design of the Pumping Station form the concludi^ part of 
the Sewage Section. The disposal section of the paper deals wim stream 
pollution and disposal by dilution. Uses of deoxygenation, ^e-aeration 
cuives and formulae, etc., have been explained. A summary of results 
for Jamshedpur on dilutions available, minimum oxygen content, B.O.B. 
value of effluents allowable for discharge and preliminary percentage on 
purification on B.0.1>. value have been summarized. Brief statement on 
partial purification and sludge re-cteration is the conduding part of the 
paper. 
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9. Utilmtion of Indm vegetable oUe as hbrkmaiB in internal 
combustion engines. Part II. 

J. S. Aggabwal, H. D. Chowdhuby, S. N. MvxaMan, and 
Lal C. Vebman, Calcutta. 

A aeries of Air Ministry Oxidation Tests (modified) were undertaken 
on various oils — castor, groundnut, cotton seed and rape witii and without 
the admixture of stabilizers, with a view to determine the pl^nco-oh^cai 
changes taking place in oils when subjected to severe oxidation conditions. 
As a result of this work a number of effective stabilizers were discovered 
for various oils. Based on these results, which have been published in 
Part I of this series of papers, a number of blends of different oils were 
developed, having the requisite viscosity characteristics for use as 
lubricants in internal oombu^ion engines. 

The engine equipment consisted of a 2 H.P. single cylinder engine 
and a 14 H.P. 4-cylinder engine, both coupled to electric generators for 
the purpose of loading. Both of these engines, and particularly the larger 
engine, were suitably modified and a number of test accessories were 
provided to obtain adequate control of the various operating conditions, 
such as power output, speed, cooling water temperature, intake mixture 
temperature, oil pressure, ignition advance, etc. 

Preliminary tests of 100 hours* duration were carried out in the small 
engine on a couple of vegetable-mineral oil blends and seven vegetable oil 
blends. Of these, two oil blends were found to be most satisfactory and 
these were tried in the larger engine for 100 hours. For comparison, 
runs were also made on both engines with two reputable makes of mineral 
oils. Oil samples were withdrawn from the crank-case at intervals during 
the run, and at the end of the run; these were thoroughly examined for 
the various chemico -physical changes, sludge production, iron contamina- 
tion, etc. Engine parts were carefully measured to an accuracy of 0«0001^ 
before and after the runs with a view to determine wear. Wear of the 
top piston ring was determined by weighing with the same end in view. 
Carbonaceous and other deposits taking pl€Mje on various parts of the 
engines were carefully observed and recorded. 

After a thorough examination of all the data collected it was found 
that satisfactory vegetable oil blends could be prepared which would 
compare favourably with mineral oil lubricants in almost all respects, 
with the exception perhaps of the carbon deposit on piston top, etc., 
which was slightly more in case of vegetable oil blends than in case of 
mineral oils. But this is not considered a serious drawback, for it does 
not interfere with the smooth operation of the engine. As a matter of 
fact one of the vegetable oil blends tried actually proved superior to 
mineral oil in respect of sludge formation and iron dissolution from engine 
parts, furthermore, two blends also gave less increase in viscosity than 
the reference mineral oil. > 

As a result of these investigations two types of blends can be 
confidently suggested for use in m^um size internal combustion engines 
— castor oil — ^rape oil blends €uid castor oil — groundnut oil blends. It is 
important that the oils before blending be thoroughly refined. As a good 
stabilizer for these blends alpha-naphthylaznine is suggested, which may 
be used in proportion of not less than 1%. The projwrtion of the two 
oils to be us^ to form the blend will depend on the viscosity of the lubricant 
required. Generally, for medium size engine requiring medium grade of 
oil about 65-60% castor oil to 40-46% rape or groundnut oil should 
suffice. A somewhat higher viscosity of vegetable oil blends (say 6 to 
10% higher) as compcu^ with that of the corresponding mineral oil 
recommended for a given engine is considered to be desirable. 
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10. Methylated Bpirits as a jfael in petrol engines. Part I. 

G. Rama Bao, Hyderabad-Deccan. 

The object of thiB work is to find the suitability of methylated 
spirits as a fuel in a petrol engine and to determine the conditions under 
which it could conveniently be substituted for petrol. The engine used 
in these trials is a 4*5 H.P. Lister Stationary engine with anon-fioating 
type of carbxirettor, a jet with a needle valve ^justment and an air 
control device. A rope brake is provided on the fly wheel for loading the 
engine. The engine is started from cold on petrol and then run on 
spirits. The fuel consumption per BHP hour, the overall efficiency, the 
mechanical effltJiency for various air and jet adjustments are obtained 
and compared with those for petrol. Small quantities of naphthalene are 
added to the spirits to enrich the fuel with carbon and the mixtures are 
tried. 


II. Methylated spirits as a fuel in petrol engines. Part 2. 

G. Bama Bao, Hyderabad-Deccan. 

The engine used in these trials is a 1939 model 30 H.P. Ford V8 
engine with an aluminium cylinder head. The engine is fixed on test bed 
and is loaded by a hydraulic dynamometer. Fuel consumption per BHP 
hour, the overall efficiency for different jets and different fuel levels in 
the carburettor are obtained. 


Mechanics 

12. Vibrational characteristics of ground and buildings. 

S. K. Banbeji, Poona. 

A review is made of the observation of vibrations of buildings, dams, 
bridges, rock and soft ground under the California ^^ismological pru- 
gramme. The Shell Oil Co.’s building, 381 feet high (29 stories) at San 
Francisco vibrates in its gravest mode with a period of 1»9 secs., and the 
maximum building displacement is *0028 inch. 

Some observations on the vibrations of groimd and building were 
made at Colaba by self-recording seismographs (horizontal and vertical 
components). In these experiments, the exciting agency was a known 
weight dropped from a known height. A definite energy, which could be 
calculated was thus communicated to the ground, and the resulting 
vibrations in the ground and building could be calculated theoretically. 
The cunplitude of the horizontal component of the ground movement was 
found to decrease with distance approximately according to the theoreticed 
law (distance)*” i* The periods of the forced movement of the ground 
depend upon the duration of impact and the elastic constants of the ground. 
When a weight of 12 kilogrammes meets the ground with a velocity of 
4 metres/sec., the amplitude of the ground movement at Colaba is ai^ut 
12/kb at a distance of 10 metres and 5ft at 20 metres and the period of the 
forced vibrations is 0*06 sec. The free period of the rectangffiar building 
(height 21 ft., breadth 11 ft.) in which the instruments were housed is 
0*014 sec. 

Electrical Engineering 

13. On the meohanism of band-pass, effect in electric wave 

filter terminated in negative impedance. 

S. P. Chakravabti, Calcutta. 

paper relates to investigations on the mechanism of * band-pass 
effect’ which has provided a new means whereby low-pass or high-pass 
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filter can be converted to band-pass filter and gain can be introduced 
into the transmission band of the seune, by negative impedaooe termination 
of suitable magnitude. 

The band-pass arrangement resulting from a symmetrical low-pass or 
hig^-pass filter section and a negative impedance termination is imsym- 
metrioal fkom gain (or attenuation) and phase-shift points of view. It 
has been found that variation of network gain or loss of the equivalent 
network (formed from the original section and negative impedance termina- 
tion) with frequency contributes little to the bcmd-para action* whereM 
the vairiation of redection gain or loss between characteristic impedance of 
the original filter and negative impedance of the termination with frequency 
contributes mainly to it. The nature of variation of refiection gain or 
loss witiii frequency which intensifies the band-pass effect in total insertion 
gain or loss chanksteristic is largely due to variation of the negative 
impedance with frequency. It has b^n found that the cut-off frequencies 
and the sharpness of cut-off of the arrangement depend upon the magni- 
tude of the n^ative impedance termination relative to that of the 
characteristio impedance. 


14. The dielectric strength of Indian vegetable oils. 

S. Chakbavabty and P. C. Mahanti, (Calcutta. 

It is now being felt that Indian oils should be used for technical 
purposes where possible, with a view to ascertain their suitability as 
transformer oils or for use in oil switches cmd oil-filled condensers, a series 
of tests of their properties with special reference to their electric strength, 
dielectric constant, dielectric loss and power factors are being conducted. 
The object of the present paper is to report the preliminary results which 
have b^n obtained on the electric strength of some of these oils. 

For this purpose the method adopted is that described in B.S. Specifica- 
tion No. 148, 1927. With the help of a Kenotron rectifier the voltage 
applied across the spark gap has been made unidirectional. Beginning 
from a voltage of 20 per cm. length of the spark gap and increasing 
it in suitable steps, a limit of 60 KV per cm. was reached. Of the fifteen 
oils studied only one of them known as the wood oil broke down at 46*5 KV 
per cm. The ^ect of impurity cmd moisture, on the breakdown voltage 
has also been studied, l^ese results have been discussed in the present 
paper. 
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1. LATE ABSTRACTS 


Section II, Physics. 

3(a). Measurement of acoustical impedances. 

(Miss) Chaudba Kakta, Allahabad. 

The terminal impedances of air column are determined by measuring 
the electrical impedance of a moving coil receiver unit when it vibrates 
in the air column. Beat Frequency Oscillator and Campbell’s Induoto- 
meter are used for making the measurements. The importance of this 
method is that both the acoustical resistance and reactance can be 
separately determined. Hence the coefficient of reflection and phase of 
the terminating surface of the air column can be found out. 

Data have been obtained for commercial acoustical materials and 
other artiflcial materials also. There is no relation between phcuse and 
coefficient of reflection in the case of ad hoc commercial materials, but in 
the case of an artiflcial material consisting of capillary tubes the phase 
increases while the coefficient of reflection decreases. Acoustical resis- 
tances of oriflees and resonators have also been determined. The resis- 
tance term of a resonator is found to increcuse hundred times for the 
same oriflee at the resonance frequency. 


12(a). A new method for the determination of J. 

A, G. Chowdhttbi and D. S. KoTHABlTBelhi. 

The paper describes a modifleation of Laby and Hircus* method. 
The rotating magnetic fleld is here replaced by a non-rotating magnetic 
field. The angular velocity in Laby’s method here corresponds to a 
factor RxfL, where R is the resistance, L the self-inductance, and a; is a 
length. 


13(a). Magnetic studies on single crystals of the pyrite and 
marcasite groups. 

D. V. Kamat, Calcutta. 

Magnetic mecbsurements have been made on single crystals of marcasite 
(FeSg), arsenopyrite (FeAsS), chsdoopyrite (CuFeS^) and pyrite (FeS), 
which are all feebly paramagnetic. Marcasite crystol is orthorhombic, 
and exhibits a very pronounced magnetic anisotropy; along the ‘o’ axis 
of the crysted the susceptibility per gram molecule of FeSg is about 90 x 10**^ 
whereas along the ‘a’ and *&’ e^es the susceptibility is very small, about* 
6x l0-«. A^nopyrite crystal also is orthorhombic and the suscepti- 
bilities along the ‘a * and ‘6 * axes are nearly equal, 68 x 10- • and 66 x 10- • 
respectively, per gram molecule of FeAsS, .wl^erecus the smfoeptibility 
^ong the ‘c* axis is equal to 83 x 10-^. Chaloopyrite, which is tetragonal, 
is on the other hand almost isotropic, with a susceptibility of about 
95X10-*. 

These results are discussed in relation to the magnetic contributions 
from the conduction electrons in the crystals. 

( 3 ) 
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37(a). The structure of liquid PCI 5 . 

BiSHAMBHAB Dayai. Saksbna, Cawnpore. 

The Raman spectrum of liquid PCI5, studied by Momreu, Ma^t, and 
Wetroff (Proc, Ind. Acctd. Sc., A, 1938, 8, 356), shows two polarised lines 
392 and 100 and four depolarised lines. The authors, therefore, conclude 
that the molecule has the triangular bi-pyramid structure. Using the 
most general energy function, the force constants are calculated by taking 
the two polarised hues as the totally symmetric vibrations of this model. 
Without the intra-valence force constant, the calculated value of the 
P-Cl force constant in PCI5 is greater th^ its value in PCI3 although 
the P-Cl distance in the former is greater than that in the latter; and 
the GL-Cl force constant appears negative, although it is positive in other 
compounds. If the intra-valence force constant is also used, it shows 
a very high value, although its value is generally very low. These consi- 
derations suggest a different structure for the molecule. 

The square pyramid model, with the pho^horus atom at the centre 
of the square, is suggested as the likely structure. The frequencies 
calculated for the totally S3nnmetric vibrations of this model, with the 
force constant of P-Cl valence == 1*63, of Cl-Cl repulsion «= *2, and of 
01 

deformation = *01 X 10* dynes/cm., compare very favourably 
with the observed frequencies, while the force constants also have reason- 
able values. This structure gives a positive dipole-moment in agreement 
with the results of Trunel, and also enables us to understand the two 
different chemical reactions of PCI5 as PCl4*Cl and PCIb'C^ at lower 
and higher temperatures. It is suggested that the existing K^an data 
are incomplete, and that an infra-red study will be particularly useful 
in deciding the structure. 

37(6). Fourth positive group of CO bands. 

B. M. Abanp, LaJiore. 

Working with one metre normal incidence vacuum grating spectro- 
graph, giving a dispersion of 17<6 A/mm. a number of spectrograms 
have been obtained m which only the fourth positive group of CO bands 
appears very prominently. The excitation conditions were rather novel, 
as no CO was fed from outside. The discharge was passed in the residual 
gases given off as an Acheson graphite tube resistance furnace put in 
the vacuum system was being degassed by heating it to about 1000 ®C. 
and the whole system being exhausted by a four stage mercury diffusion 
pump. 

Measurements are tak6n of 65 band-heads between 1280-2090A, 
which show very good agreement with those of previous workers. A 
number of new band heads are reported. Seventeen of these bands show 
a sort of structure each consisting of about five lines. (1, 1) band with 
head at 1559*2 A fihows five lines which coincide with five members of 
Q branch, i.e. 0(25), 0(29), 0(33), 0(37) and 0(41) as reported by R. N. 
Read. The fact t^t only members after J ^ appear may be pure 
coincidence, for the rotational structure cannot he resolved by the 
instrument if all the members are present and it is difficult to postulate 
conditions when only particular members after J a 4 should appear. 

44(a). A demountable riectron-difi&action camera. 

P. K. EidHtiU and B. M. Anand, Lahore. 

A description of a camera suitable for electron-diffraction work is 
givexy No wax joints are needed and the whole system employs only 
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rubber gaskets. Provision is made for visual observation and a number 
of exposures on the photographic plate can be given in one setting'. 


53(a). The space group of the orthorhombic crystaJUine 
modification of diphenyl octatetraene. 

S. L. Chobohadb, Calcutta. 


It haa recently been found by Krishnan, Chorghade and Anantha- 
padmanabhan (NcOure, 1940, 146, 333) that diphenyl octatetraene crys- 
tallizes in two different modifications, one of them monoclinic and the 
other orthorhombic. 

The crystal structure of the monoclinic variety has been studied by 
Hengstenberg and Kuhn (Za, KriataUog, A, 1930, 75, 301). Its unit 
cell has the dimensions 

a « 6*26, 6 = 7*44, c = 16*03A ; csf 90®, and contains two molecules 


of ^ ^ — (CH s= CH) 4 — ^ ^ . The planes of the type (AOi) 

are found to be halved if h is odd and those of the type (OIjO) if k is 


odd. 


The space group, therefore, is 


^ 2 * 


~ the molecules possessing 


a centre of symmetry. 

A determination of the space group of the orthorhombic modification 
of diphenyl octatetraene is made on the basis of rotation and oscillation 
photographs. The unit cell has the dimensions 


a = 9-9i). b = 7-55, c = 19-75A, 


and contains 4 molecules of 


^(CH = CH)4- 



It is found that the (Okl) reflections are halved ifTis odd, the (^01) 
reflections if h is odd, and the (hkO) reflections if k is odd, and the (kkl) 
reflections show no characteristic absences. The crystal is, therefore, 
based on a simple orthorhombic lattice, and belongs to the space group 

(Pcab) in the holohedral class. 


The niunber of asymmetric molecules in the unit cell required to produce 
the symmetry of structure of this class is 8. Since the unit cell actually 

y~ 


contains only 4 molecules of < 


>-(CH = CH)4- 


>• 


the 


molecules must possess some element of symmetiy, evidently a centre 
of symmetry, as is observed in the monoclinic modification. 


Section ///, Chemistry. 

1. Synthesis of o-nitro-diaryl thioethers. 

K. S. Vbnkat Baman and N. H. Malani, Benares. 

A few o>nitro-diiH(y| thioethers were i^uiied for some synthetic 
work and it was found tllat a very few derivatives have been prepiffed 
before. With a view to obtaining these compounds in good yield, the 
condei^tion of o-bromo-nitrobenzene, 2 : S-diohloro-nitrobenzene and 
* : 5-dibromo -nitrobenzene with thiophenol, o-, w-, and p-thiocresols has 
been effected in presence of potassium hydjroxi^ and copper- bronze 
accor<^g to the method of Mauthner (Bcr., 1906, 39, 3698) and the 
touowing compounds have been obtained: — ^2-Ditro-2-methyl diphenyl 
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sulphida, m.p. 86% 2*nitTo-d>m6thyl diphenyl 8utehide» in.p. 86-86/6^, 
b.p. 222^/18 mm„ 2-mtro>4-meth^l diphenyl sulphide, m.p. 87/6°, 2-nitro- 
4-ohloro-4-m6thyl diphenyl sulphide, orange prisms, m.p. 121° and 2-nitro- 
4-bromo-4*meihyl diphenyl sulphide, m.p. 124°. 

2. Extraction of coal with dioxane as solvent. 

J. K. Chowdhuby, Dacca. 

A sample of Assam coal (Ledo) was extracted with dioxane which at 
atmo^heric pressure was found to act better than any other neutral 
solvent. The temperature of extraction^ w&s low (101° to 170°C.) and 
hence thermal decomposition of the coal substance was avoided. The 
solvent could easily be removed from the extract with which it did not 
enter into chemical combination. 

The extracted bitumen was fractionated by means of vcoious solvents 
and the properties of each fraction was compart to corresponding benzene 
extraction product. The original coal contained a high percentage of 
organic sulphur (4*2%). Only a smsdl fraction of the sulphur-compounds 
can be extrckcted by dioxane or any other solvent. 

3. Acetone from alcohol. 

N. B. Daklb and A. N. Kotibhaskab, Bombay. 

It has been reported that when a mixture of alcohol vapour with 
steam is passed over iron oxide catalyst, alcohol is converted to acetone. 
No detailed investigation of this reaction has been reported in the litera- 
ture. Experiments were, therefore, imdertaken to find: (1) the moat 
suitable catalyst, (2) the optimum temperature, and (3) the optimum 
ratio of alcohol and water. So far experiments with a mixture of iron 
oxide and calcium oxide have been carried out. 

The optimum temperature for this catalyst is found to be 670°~580°C. 
The optimum ratio of alcohol vapour to steam is found to be 1 : 6. Under 
these conditions, the 3 rield of acetone is 43-48% on the weight of alcohol 
taken. This comes out to be 80% of the theoretical yield. 

4. Preparation of active carbon from rice and betelnut 

husks. Part I. Zinc chloride method of activation. 

J. K. Chowdhury, Dacca. 

Various conditions of activation have been studied and a product 
obtained which compares favourably with highly active commercial car- 
boraffin — pctddy husk carbon, however, gives a slightly higher activity 
than carbon from betelnut husk. Generally speaking, activity increases 
with concentration of zinc chloride solution used. Both yield and activity 
are satisfactory when activation is done at 350° though the activity can 
be further increased by raising final carbonization temperature. Activity 
was measured by adsorption of iodine, methylene blue and of acetic acid. 

5. Prex)aration of active carbon from rice and coooanut 

husks. Part II. Activation by the action of gases. 

J. K. Chowi>htjby, Dacca. 

Active carbon was prepared in two stages. A relatively inactive 
carbon was first produced by carbonization at different temperatures With 
and without the addition of boric acid and each of these primary produets 
was activated at 900-“960°C by the action of carbon dioxide, steam and a 
mixtm^ of carbon dioxide and steam for different periods of time with 
varying rates of flow. The yield and activity (iodine method) were 
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determined in each case. Addition of boric acid was found to increase 
the yield and ^ivity considerably. Steam activation was found rather 
glow in comparison with COg activation. Oomparing products of approxi- 
mately equal activity, the best yield was obtained by using a mixture of 
steam and carbon dioxide for activation. 

6. On the imivereal colour-reaction for sterols and steroidal 

compounds. 

M. C. Nath and M. K. Chakbabobty, Dacca. 

Application of the new reaction which has been proposed to call 
‘The universal colour -reaction for sterols and steroidal compounds’ has 
been discussed. 

The test though not specific only for a particular sterol, can give some 
indications of the presence of double bonds and some other groups through 
the rapidity and nature of the rings formed. 

The reaction being a very sensitive one, it is also possible to predict 
the presence of a steroidal compound in a crude natural product. 

7. Quick method for the dissolution of iron from haematite. 

P. L. Kapub, Lahore. 

A number of methods have been recommended for the rapid dissolution 
of haematite in hydrochloric acid. According to one the mineral is heated 
with strong hydrochloric acid and nitric acid. According to another the 
mineral is heated with concentrated hydrochloric acid and potaasdum 
chlorate. The method that is commonly used consists in heating the 
finely divided haematite with concentrated hydrochloric acid in the 
presence of stannous chloride. But for dissolving haematite by any of the 
above methods the time required is very large. It has been observed, 
however, that if the mineral be heated with concqnjfrated hydrochloric 
acid in the presence of sodium hydrosulphite the cmeolution is accom- 
plished in a much shorter period. 

8. Magnetism and Catalysis. 

Chlorination of chloroform in the presence of ferric chloride. 

N. A. Yajnik, P. L. Kapur, Lahore and S. S. Bhatnagab, 
Calcutta. 

Gault and Traffault observed that chlorination of chloroform is 
inhibited by ferric chloride and they showed that it was due to the absorp- 
tion of active radiations responsible for the chlorination of chloroform. 
We have investigated this reaction from the magnetic standpoint and 
hence shown that water acts as a catalyst in the chlorination of chloroform. 
The inhibition of this reaction, by ferric chloride has been shown to be 
due to the formation of a complex of ferric chloride and water and to the 
absorption of active radiations by this compound. 

9. On some aromatic sulphoxideB. 

S. C. Niyogy, Calcutta. 

'Hie activity of iKfematic sulphonic acids and sulphones against 
certain baoteriid infections is now well establi^ed. On the analogy of 
trivalent aromatic argine oxides which have been found to be more active 
than trivalent arseno derivatives or pentavalent arsenic acids, an attempt 
^ been made to prepare some aromatic sulphoxides with a view of 
^ding their physiologic activity, if any, against some common bacterial 
infections. 
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Sttiian IV, Oeciogy. 

1. The petrology of Nayagerh State (Eastern States Agency). 

D. B. S. Mbhta, Calcutta. 

The rooks of Nayagarh State consist of two main groups : metamor- 
phosed sediments, i.e. ^ondalites, and the igneous intrusives. 

The Khondalites are composed of graphite, sillimcmite schists, 
gametiferous granulites and gneidSes, and quartzites. The rook facies 
are similar to those observed in other Khondalite areas of India. 

The igneous intrusives are of two types. One type oonteuns 
hypersthene as an essential constituent, \and ccun be related to the 
ohamockite series of Madras and other parts of the Eastern Ghats. The 
other type does not contain hypersthene and is not, therefore, genetically 
related to the chamookites. 

The chamookites of Nayagarh State consist of rooks ranging in 
composition from granite to norite. The acid chamookites are rich in 
quartz and potash felspar. The quartz is bluish in colour and shows 
aoicular dot-like inclusions under microscope. The potash felspar is 
generally orthoolase and shows the development of perthitic, micro- 
graphic and myrmekite intergrowths. Norites consist of bc^ic pl^oolase 
(varying from labradorite to b 3 rtownite), h 3 q>ersthene cmd augite or 
diopside. Garnet is common only in basic chamookites. It shows 
vermicules of quartz, and occurs replacing the hyx>ersthene in the rooks. 
The cbssooiated rocks which are genetioaUy related to chamookites are 
granetiferous leptynites and qua^z-felspar rooks. The author regards 
the chamookites to be of igneous origin. 

The non-h 3 rpersthenio intrusives include lamprophjnre, graphic 
granites, orthite-pegmatite, norites, pyroxenites, etc. They occur as 
dykes and veins and are regarded younger than the chamookites. 

2. Petrology of the Bajnagar asbestos area, Seraikela State. 

K. K. Sbn-Gupta, Dhanbad. 

The Seraikela asbestos has been so far regarded as amphibole asbestos, 
but the author’s investigations have revealed that the mineral is genetically 
connected with serpentine derived from olivine and pyroxenes of the 
associated ultra-basic rooks and that it is ohrysotile asbestos. 

The main rocks of the area are granites, dolerites, ultra-basic igneous 
rocks (peridotites) and aotinolite schists. The actinolite schist and 
peridotite occur as enclaves in granite; and dolerites have intmded along 
the joint planes of grcmite. Peridotite has altered into serpentine. 

Evidence in this field ^is in favour of the hypothesis that 
serpentinization is the result of alteration of peridotite by magmatic 
water. This msgmatic water is probably genetically related and subse- 
quent to the CMsid intrusions. Association of oalcite with serpentine is a 
confusing factor, for its presence is tempting for forming the conclusion 
that serpentinization is a result of weathering. But it is well known 
that juvenile water is capable of changing olivine into serpentine ; serpen- 
tine into talc and magnesite and hematite. Similarly, it can also change 
aotinolite into talc, chlorite and calcite. This calcite might have been 
deposited in the asbestos veins. 

The asbestos occurs in serpentine in the form of slip-fibre veins. The 
fibres are imusually long, sometimes as much as 2 feet 10 inches in length 
and of great tensile strength. Further, a study of the optical properties 
of the nnneral confirms that this asbestos was originally formed as cross- 
fibre veins, the type in which chrysotile asbestos usu^y occurs, but it 
he» subsequently ^»ded into the slip-fibre variety. Its iniusual length is 
accounted for by me fact that it has been formed by coalescence of several 
fibres. • 



Part IV— Late Abetraete. 


9 


Section, VIII, Entomology. 

13(a). Studies on the biology of the giant mealy bog, 
Drosicha etebbingi. 

Kbas a. Rahman and Abditl Latif, Lyallpur. 

The eggs of the ,pegt usually hatch out during the second or third 
week of January. Hatching is completed in 25-35 days at Lyallpur 
and according to Lefroy, in 2 days at Pusa. The female passes through 
three, and the male throi^h two, larval instars ; the males have a pupal 
instar also. The various instars are completed in 76-138 days as follows: 
first instar 44r-74, second instar 17-38, third instar 15-26. The pupal 
stage occupies 9-15 days. 

The females copulate in April, when their ovaries are not yet fully 
developed. Polygamy and parthenogenesis occur in this pest. 

The females start to lay eggs in the second week of May and continue 
to do so till the end of June. Each female is capable of laying 51-372 
eggs in her lifetime. She lays the leurgest number of eggs at 25”C. 

The egg stage lasts from May to January (eight months) under field 
conditions, whereas it lasts for 5 J months in the laboratory at 20®C.-25®C. 
temperature. 


13(6). Preliminary observations on Phycita inftisella Mejrr. 
Khan A. Rahman and Atiqitb Rahman Ansam, Lyallpur. 

The cotton bud moth is a widely distributed insect in the Punjab. 
In addition to cotton, it also infests Hibiscus carmahinus, HiHscits sab- 
dariffa, Malvastrum tricuspidatum, Solanum melongena, etc. etc. 

The moth is grayish in colour with fuscous specks 4dl over and black 
marginal dots on the fore wings. A female lays 17-20 slightly fiattened, 
yellowish green eggs. They are usually laid singly along the veins on 
the underside of tender leaves. The egg stage lasts for 3-6 days. The 
caterpillar is green with black head and prothorax, during the first 5 
instars but changes to red with brown head and prothorax in the 6th 
instax. The caterpillar stages l€«t 25-40 days during April-November. 
^e pupa is green when fresh, but ultimately turns to chocolate brown, 
its tip being furnished with six circulate hairs. The adult emerges after 
9-12 days during April-October. 

The caterpillars which emerge in the 1st week of October enter 
into hibernation among dry leaves from the middle of November. The 
adults from these appear in April. All stages of the pest are present 
during April-October. 

The pest is parasitized by Bracon kUcheneri D. & G., Microbracon 
lefroyi D. & G. Onoochalcis rufescens Cam., and Apantdes sp. 


20(a). Effect of different temperatures and humidities on the 
development of citrus Psylla {Diaphorina citri Kuw.). 

Khan A. Rahman and Dina Nath Tandon, Lyallpur, 

» 

Citrus Pi^lla is an outstanding problem of the citrus growers in the 
Pimjab and in spite of regular spraying operations against it the ^st 
multiplies and grows out of all proportions during certain years. The 
present Judies were undertaken to find out the ecological factors which 
favour its multiplication. Only preliminary observations have been 
made so far but the data collect^ are interesting. 
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32(a). Cocoid pests of citrus trees. 

IChan a. Bahma27 and Atiqub Bahmak AN8A3Eti, Lyallpur. 

Following 12 species of Ooocids have so far been recorded from Citrus 
from Lyallpur^ viz. ^ontdieOa cmranUi (Mask.), A. eUrina (Ooq.), A. 
orienUdia (Newst.), Ohryaomphalus C, ficua Ashmd., Oocci^a diaorepana 
(Gr.), O. heaperidum Linn., Droaicha atebbingii (Green), Lapidoaaphea beckii 
(Newn.), L. gloverU (Pack.), Pinnaapia aapidiatrcte (Si^.), Paeudococcua 
filamentoaua (Ckll.). The commoner of these are briefly chscussed below: — 

1. Aonidiella aurantii (Mask.) is the. “California Red scale”. The 
female scale is circular in shape and yellowish green in colour ; it app^s 
dull red in colour because of the reddish female insect below, l&sides 
citrus, it feeds upon an extensive list of varied fruit trees, shrubs, 
ornamental plants and creepers, but is fairly abundant upon guava, jasmin, 
* jamman *, mulberry, rose and grape-vine. 

2. .4on^teZki orientciUa (Newst.). — ^The * Oriental Yellow scale* is 
yellowish to light brownish yellow in colour, the adult female being 
ovate, yellow brown in adult life and roundish at maturity. Besides 
citrus it is recorded from *ber’, fig, guava, "jamman*, *lasura’, mulberry, 
*8hisham*, grape-vines, etc. Thea hisoctonotata M. and an unidentifl^ 
chalcid check it successfully. 

3. Droaicha atehhingi (Green) is well known as * Mango Mealy 
bug*. In addition to citrus it h^ also been recorded from about 45 
food plants: apple, ‘ber’, cherry, duranta, grape-vine, guava, holyhook, 
* jamman *, jasmine, ‘Kaner ’, ‘Kachnar*, Moquat , mango, mulberry, peach, 
pear, plum, *pipal*, rose, ‘siris*, *shisham*, walnut, etc. etc. 

4. Paeudococcua filamentoaua (Ckll.). — ^This coccid is popularly 
known as ‘Flufly Mealy bug*. It is gregarious in habit, its nymphs 
collecting in masses on twigs, leaves and fruits. They cause malformation 
of the terminal growth. The adults secrete white cottony filaments and 
form white falted ovisacs. In addition to citrus it has been recorded 
from Cynodon dactylon, Ficua sp., grape-vine, Hihiacua sp., *lasura’, 
mango, mulberry. Sorghum halepense, etc. etc. A number of coccinellids 
including Scymnua sp. and a parasite wasp check it. Ants protect it 
from natural enemies. 

39(a). On certain important features in the Morphology of the 
Grain Weevils, SitopMlus oryzae (L.) and SitophiVus 
granarivs (L.). 

Mohd. Qadibxjddin Khan, Hyderabad-Deccan. 

The grain weevils are of great economic importance. No work has 
yet been published on the Completive morphology of these weevils. 
The author has dealt with in detail the morphology of the weevils. Site- 
philua oryzae (L.) and SitophUua granariua (L.)* Special attention has also 
been ]^d to certain parts which have been misinterpreted in many 
other insects. Apart from minor differences in the structure of these 
two species the main variations in the following pcirts have been fully 
discussed: 

1. Hind wings. 

2. Metanotum. 

3. Metapleura. 

4. Geni^ia. 

46(a). Insects infesting flour mills at Lyallpur. 

Khait a. Rahhak and Gitbohaiian Shtoh Sohi, LyaUpnr. 

A regular examination of flour mills at Lyallpur was carried out 
duringi the summer of 1940 with a view to find out the insect pests of 
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stored grams fotind in them. From the flour deposits on the floor, win- 
dows, and ventilators Ijotheticua oryzae Waterh. and TrihoUum caataneum 
Hbst. were collected ; while Attagenus picetie was found in the sweepings 
containing flour, dirt and flbre and the different pests of stored grains, 
such as Trogoderma Khaora Arr., Rhizopertha dominica F., and Lctemophloms 
ptisiUus Schon. were met with round about the sieving and cleaning equip- 
ment. Adults of Alphitobius leavigcUtts F. were found in moist situations 
under the grain bags. But in big modem flour mills which are regularly 
washed and cleaned at least once a week, only stray specimens of Trt- 
bolivm oastaneum Hbst. were observed. This emphasizes the necessity 
of keeping the premises of mills free of flour, dirt deposits, etc. 


Section X, Medical and Veterinary Research, 

1. Physiological mutation in bacteria. 

S. Mahdihassan, Hyderabad-Deccan. 

When a bacterium changes its typical morphological form it may 
be interpreted as due to contamination, polymorphy or mutation. A 
species of Mycobacterium has been studied and described which originally 
produced B-Carotin pigment. Later on, it gave rise to colonies of different 
grades of orange and yellow, indicating genuine mutations. It is believed 
this exceeds all previous records of colour mutations cunong bacteria. 
The paper will be followed by a demonstration illustrating the changes 
indicate. 


2. Hypomagnesaemia in heifer calves. 

S. N. Ray and K. Govind Ratj, Mukteswar. 

In examining the etiological factors for fainting ‘fits * in some of our 
experimental heifer calves, the magnesium content of blood serum was 
found to give an average value of 1*2 mg. of magnesium per 100 c.c, cf 
serum (range 0*7-1 *7 mg. per 100 c.c.). This value is rather low when 
compared with the figures 2-3 mg. per 100 c.c. blood serum as found by 
Western workers. The concentration was further observed to diminish 
during the duration of these ‘fits’. All the animals were getting wheat 
bhoosa as their roughage, and on changing the roughage to fresh hay, 
all the symptoms were found to have disappeared. TOe symptoms again 
returned on the substitution of wheat bhoosa as roughage. Feeding 
4 ozs. of magnesium carbonate daily to one animal for 7 days raised the 
concentration of the mineral in its blood serum to the normal value of 
2*3 mg. No direct evidence could, however, be established as to whether 
the magnesium deficiency was the actual cause of these fits. As the 
feed of these animals contained sufficient quantities of magnesium, the 
cause of the low concentration of serum magnesium is now being studied. 


Section XI, Agriculture. 

'18(a). Reclamation of Usar and other unproductive lands in 
Bilada Farm. 

Bishan Maksingh, Fatehpur. 

C7sar lands are made up of deep layers of stiff, heavy, poorly aerated 
^lays, devoid of all humus and containing salts in injurious amoimts. 
Some of the bad Umr lands are covered by brownish white substance, 
others by black incrustations. ' 
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No Uw land is well reolaixuod unless it is opened up at least to a 
depth of 6 ft. the only cheap way of opening up the soil being to grow 
deep rooted hardy plants^ such as Babocl, calotropis* wild zizyphus, etc.^ 
but these vegetations would not thrive unless injurious salts which are 
always present in large amounts are first removed. This can be done by 
surrotmding the land proposed for reclamation by strong embankments 
to hold water on it during rains or brought by ceuial. When the land 
is thus under water for a week or ten days the injurious salts would rise 
up to the surface. This saltish water should then be let out. This 
practice is to be repeated during rains as often as possible. This holding 
and letting out water also causes deep and wide cracks in the soil when 
it dries up, and thus opens the soil for the free action of the sun and air* 
Dried leaves, roots of vegetation and other organic matter brought down 
by water inside the embankment will provide humus to the land and make 
it permeable. If a slight quantity of slaked lime is added to the soil 
it will make it friable and fit for any vegetation to take root easily. 

The reclamation of TJear land at Bilanda Farm was started in 1903 
with a view to provide grazing ground for cattle. There was an additional 
gain that in course of time there developed a good Babool plantation. 
When 6 or years later grazing in the Farm was regulated, self-grown 
Neem and Sheesham trees also appeared without any special effort. 
Up to 1934 Bilanda Farm was merely a good grazing ground covered only 
by Babool plantation. From 1917 to 1938 Babool trees worth Kb. 24,000 
and cattle chiefiy calves worth R8.2,000 were sold. 

The cultivation of crops was taken up after 1934 when the whole 
area was surrounded by a ditch 10' x 2' and the excavated earth formed 
a strong Bandhi on the outer three sides of the Farm. A plot of 40 acres 
was demamated and was heavily manured both by decomposed and un- 
decomposed compost manure, and cultivation of paddy was started on 
this whole area, which was a great success. Last year the yield of paddy 
reached 60 maunds per acre on some plots and good second crops of gram, 
wheat and barley were also obtained. Now Jowar, Arhar and Coriander 
are being grown successfully on this reclaimed land. Sugarcane is the 
only crop thai) has so far not done well. 

In the year 1936 fruit culture was started in the Farm. There are 
now 250 good quality Bers, over 500 guava plants, 40 seed and 60 graft 
mango trees on the Farm, — all of these doing very well. Besides this 
there are over 600 self -grown Neem and over 60 Shee^am trees in addition 
to thousands of young Babool plants. 

With so much cultivation and plantation the Farm provides fodder 
and grazing ground for a herd of over 100 cattle and Rs.lOO worth Tin 
(thatching straw) every year. 

18(6). Activation of the ‘‘Blast Furnace Slag’ of iron worka 
for its employment to correct both alkalinity and 
acidity of soils. 

K. SiTABAMA Iybb and S. Viswanatha Iyer, Trivandrum. 

For the activation, the finely powdered slag is gradually stirred into 
cm equal weight of diluted sulphuric acid of sp. gr. 1*2 (about 27% acid> 
when a vigorous action sets m. The mass gets cook^ up to a thick 
paste which could be readily dried, smoothly ground up and cleemly 
bagged. The yield of the miahed 'activated slag’ is about 1*5 times 
that of the original slag em^yed. This simple process conveniently 
works with the blast fnimaoo wig of both Jamshedpur and Bhadravati. 

The material premred from a sample of Jamshedpur slag has been 
analysed to rembva soil, per cwt. ploughed in, (1) cdkalinity from 
alkaline soils equmilSkit to 27 lbs. of Nat(X)s, (2) acidity from acid soils 
equivalent tdahocd 25 lbs. of HCl, cmd also (3) to add, in due time, about 
36 lbs. oldll^io bo^ acid and alkaline sods. The imtreated slag does not 
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remove any alkalinity under aiznilar conditions. The addition of clay to the 
Boil (which would be secured when this activated slag is emplo3red to 
mmove its alkalinity but which would not be possible when gypsum is 
used instead) is of particular interest in case of soils like those of the 
punjab-jplains which are of relatively low clay -content. The iron works 
of North India can easily pr^)a:re, and also fully meet the demeuids of» 
this material from the Ptmjah, Unit^ Provinces, Bengal, Bihar and Deccan, 
while the Bhadravati works can similarly supply Mysore and South 
India. 

About two tons per acre, applied as a soil-amendment and distri- 
buted in a period of four years may greatly ameliorate the defective 
soil. This material can profitably be employed in conjunction with 
small doses of such energy -materials as ^ Molars’ wherever the same may 
be easily procurable. 

43(a). Preliminary observations on the genetics of sugarcane. 
P. C. Baheja, Tamab. 

C!oefficient of variability, indices of conformity and percentage 
deviation from either of the parents both for leaf and cane characters 
were determined for the selfed progeny of Co. 214 and progeny of the 
cross Co. 213 X Co. 214. The coefficient of variability and indices of con- 
formity both indicated that the progeny of Co. 214 selfed showed a very 
high degree of variability in the inheritance of measurable characters. 
In the progeny of the cross the alternative inheritance of characters was 
observed. Some characters showed greater degree of conformity to one 
parent and some to the other. In the cross cobybrids the characters, 
such as rind blush, pithy internal texture, and height of cane, behaved as 
dominants. 

51(a). Physiological and Physico-Chemical studies on 4 P. 
Punjab American Cotton. 

P. C. Rahbja, Tarnab. 

Comparative studies of respiration of leaves in situ, diurnal satura- 
tion deficit for study of water balance of plant, indices of foliar trans- 
piring power, osmotic pressure determination, specific conductivity 
of tissue fiuids, etc., were carried out at two-hour intervals, on an irrigated 
and unirrigated crop duri^ the month of September at Lyallpur. The 
imirrigated crop was subject to incipient wilting during the day hours. 
The results are summarized as follows: — 

1. In the irrigated fields the rate of respiratory activity was almost 
constant throughout the day except a sl^ht increase in the morning 
hours. The unirrigated crop showed a considerable increase from 1*12 c.c. 
to 1*76 c.c. between 10 a.m. and 12 noon, followed subsequently by a 
regular depression in the metabolic activity of the plant up to 9 a.m. to 
regain its normal rate of functioning. 

2. The indices of foliar tran^iration of irrigated crop were higher 
than the unirrigated crop. 

3. The value of the coefficient of correlation between the transpira- 
tion rate and the diurnal saturation deficit was higher (— 0-62) in unirri- 
gated crop oompaiad to (0*60) in irrigated orc^. 

4. The osmotic values of the cell sap were considerably higher for 
the unirrigated compared to the irrigate crop. In consequence, the 
coefficient of correiation^ between leaf saturation deficit and osmotic 
values was much higher in the uniriigated crop (—0*93) than in the irri- 
gated (-0*62). 

6. The diurnal changes in electrical conductivity range were between 
0*052 to 0*068 in the unh^ated crop as compared to 0*041 to 0*048 in 
the irrigated one. Therefore the value of the coefficient of correlation 
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b&tweea the ^lectrioal ocmduotivity and freezing point of the cell 
in the former oaee were higher (—0*95) than in the latter case. 

67(a) Estimation of wheat yield by sampling. 

A. K. MatJiTK, V. Satakopan and S. Gopal Rao, Poona. 

The paper indicates briefly the sampling problems involved in the 
estimate of crop outturn and describes an experiment of complete 
harvesting, in square yards, of a wheat fleld (4/10 of an acre in area) 
carried out at the Government Experimental Farm at Fowerkheda, 
Hoshangabad, O.P., in 1939, with the kind co-ox)eration of Dr. R. J, 
Kalamkar, Deputy Director of Agriculture^ Jubbulpore. Sixteen hundred 
yields of grain were recorded and their frequency distribution has been 
examined. The variability of the crop as exhibited by the various sizes 
of units formed out of grouping the square yards is studied and it is found 
that a unit of 12 to 15 square yards will be most suitable for sampling 
operations on the crop. The optimum percentage for sampling the 
crop with 1 square yard as the unit is cdso discussed and a percentage of 
12 to 15, if sampled at random, is found to yield about 80% of the 
information. 


Section XU, Physiology. 

18. Vitamin C (ascorbic acid) in rinderpest. 

S. N. Ray and Govind Raxj, Mukteswar. 

Inoculation of multiple doses of rinderpest virus with small anioimts 
of neutralized ascorbic acid is found to inactivate the virus totally. 
Administration of large amounts of ascorbic acid has no action on the 
course of the rinderpest disease m animals inoculated with the virus. 
Injections of ascorbic acid as adjunctions to anti>rinderpest serum do not 
increase the potency of the serum. Animals suffering from rinderpest 
but treated with ascorbic acid showed little or no iflceration in their 
mouths. 

37. Diet of rice-eaters in the Godavari delta. 

W. R. Aykeoyd and B. G. Kbishnae, Coonoor. 
(Nvlrition Research Laboratories^ I.R,F.A.) 

In the Madras Presidency beriberi, as a serious public health problem, 
is limited to the Northern Circars. It has already been shown (Aykroyd, 
Krishnan, Passmore and Sundararajan, 1940, Ind. Med, Rea, Memoir t 
No. 32) that this can be explained by the fact that in this area the mass 
of the population prefers raw to parboiled rice, which even when higUy 
milled usucdly contains over 1*5 parts per million of vitamin Bj. A diet 
survey carried out on a group of some 30 families in the Godavari delta 
show^ that the diet consumed was similar in compositioii to that of 
poor rice-eaters elsewhere in the Madras Presidency, exe^t that during 
the greater part of the year raw milled rice instep of poibriled rice is 
the main ingredient in the diet. The interesting fact was observed that 
for two or three months after the harvest in Decezhber-^aniiary, parboiled 
rice may be consumed because when stocks are low flre^y harvested 
rice can be made immediately available for use by parb^i^. Freshly 
harvested rice in the raw state cooks to a pasty oonsistenqy and usually 
raw rice is stored for several months before use. Mem oases of beriberi 
occur in the second half of the year than In the first half. This may be 
partly due to the use of parboiled rice in pleoa of raw rice by a pro- 
portion of the poorer classes for a limited period during the earlier part 
of the year* 
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Section XIII, Psychology and Educational Science. 

26(a)- Observations and Experiments bearing on Dr. Bice’s 
Hindi)stani Binet performance point scale tests. 

V. G. Jhingbak and Krishna Ktjhab, Benares. 

(1) Analysis of the test. 

(a) Whole scale. 

(b) Brief sccde. 

(c) Performance scale. 

\ 

(2) The Brief scale consists of 10 questions which test attention^ 
memory, observation, sense discrimination, form-perception, recusoning, 
moral sense, drawing and constructive ability, general knowledge and 
intelligence. 

(3) The Whole scale consisting of 35 questions tests in addition to 
those tested by the Brief one, the aesthetic and poetical sense, power 
of defining concrete things fuid abstract ideas, arithmetical ability, 
power of conoeptional reasoning and imagination. 

(4) The Performance scale consists of nine questions and tests, 
excepting general knowledge and moral sense, all the abilities which the 
Brief Scale does. 

(5) Defects of the tests. 

(а) Distribution of questions of various types not uniform. 

(б) Memory questions abound. 

(c) A few tests do not possess discrinunating power. 

(6) DifiSculties in administering the tests: — 

(а) Difficulty about the language. 

(б) Some of the questions are vague. 

(c) Young childim get tired and grow seijpus — ^^Bp higher 

than^Wp. 

(d) Grown-up children become light-hearted. 

(7) Shortcomings of the Brief scale; — 

(а) Memory marks 38 and even 44 out of a total of 82 marks. 

(б) In a large number of cases the I.Q. was incalculable. 

(8) Test not suitable to adults as a large number got marks above 
the maximum. 

(9) Results based on some correlations were discussed. 


11(a). Report on a questionnaire study of some sex problems 
among undergraduates. 

B. Ktjppxjswamy, Mysore. 

A list of questions on some problems relating to sex were given to a 
group of about eighty undergraduates in order to collect some facts 
concerning the source of their knowledge and the nature of their experience. 
It was foimd that sex information was sought very keenly when the boys 
were 11 to 14 years old; when they were in the Middle ^hool claases. 
It was also found that the large majority of them got th^ first information 
^ough boys of their own age, culture and social status. Under 
0% report that they got some information from their 2>^nts and 
^y 28% report that they obtained some help from their teachers, 
seventeen per cent of them report that they have had practical sex 
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experience, 42% report about aex play, while the remaining 41% report 
that they had experience of no type whatever. 

41. The 8uper-^o and social behaviour. 

B. N. KauXi, Benares. 

I. Is there an anUtheais between Freudian paycho-analyeie and 
Marxian aodology? 

11. Is psycho -analysis nothing but a probing into the secret depths 
of the personality of the individual ? 

HI. The Marxian *Welt-anschaung* is that the individual is only a 
part of the social whole. 

IV. The super-ego is the link between the individueJ and society. 

V. The super-ego is the heir of the oedipus complex* 

VI» Patriarchal dominance and the exploitation of the masses by the 
classes. 

VII. Poverty and Neuroaia: the twin diseases of modem bourgeois 
culture. 

VHI. Freud and Marx: not antithetical, but complementary. 



2. ERRATA AND ADDENDA 

Proceedings of the Twenty-eighth Indian Science Congress 

BENARES, 1941. 

PART III— ABSTRACTS 

(1) Section of Chemistry. 

P?aper No. 71 on page 70 of Part HI of the Proceedings 
of the 28th Session.] 

In line 10 — 

Read 

N*E F 

(c+)l+(c-)i = {(C+) 2 +(C-) 2 } cosh j^ ~ 
instead of 

N*'E F 

(C+)2 + (C-)i =3 {(C-|.)2 + (C-)2} cosh — 

In line 11 — 

Read * Valences ’ instead of * values \ 


(2) Section of Agriculture. 

[Paper No. 14 on page 249 of Part III of the Proceedings 
of the 28th Session.] 

Read the following instead of the previous one — 

Sheet Erosion on Gorat Soils (Gujarat). 

C. C. Shah and D. K. Patel, Baroda. 

White patches which are often seen on the alkali lands are to be 
seen at several places in Qujarat. Such patches which are to be seen on 
gorat soil have been fully investigated and it has been shown that the 
white material on the surface is nothing but leached sand formed iinder 
certain climatic conditions. The barrenness of such patches can be 
cured by deep cultivation and application of Farmyard Manure. 


( 17 ) 



3. DISCUSSIONS 


I. BOUNDABY VALUE PROBLEM IN DIFEEBENTIAL 
EQUATIONS. 

(Section of Mathematica and Statiatice.) 

Fbov. M. R. Siddzqi, Hyderabad-Decoan.» presided. 

1. Rbv. C. Raoinb, Madras. 


Swne recent generalizcUiona of the DiriMet Problem. 


The method of Fredholm to solve either the Dirichlet or the Neumcum 
Problem in n dimensions has been extended by Giraud to equations of 
the elliptio type : 


Pu 


2 




dx. dx^ 


4- 


25,(X)g^+c(X)« 


-/(X), 


where X stands for x^t ..... x%. The operator F generalizes the 
classical Laplcujian. 

G. Giraud has developed a first method, solving the Dirichlet or the 
Neumann problem for domains D in which the o^(X)*s, supposed con- 
tinuous, have only small veuriations. This method is exactly similar 
to that of Fredholm. But in the potentials of the classiccd theory, to the 
distance 

fi 

f*(A. X) - ^ - o^)* 

is substituted the expression 

n 

[L{A, X)P - 2 K - - “i)- 


Here A stands for a^, and the A^'s are the minors of the a^*s 

in the determinant I | . 

A second method has been proposed by Giiaud to get rid of the 
restriction which the first one implicated. It consists of three steps: 

<1) The coefficients a^, bi, and c are continued in the whole space. 
When X tends to infinity 


lim 


0 i^i 

1 i 


lim bj 

and c(X) < — gp*. 


g beihg a numerical constant, outside of a bounded do m a in . 

( 18 ) 
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(2) A principal tlemcnlary aolution is formed. It is a funotion 
Q(Xt A)f satisfying the equation 


except at X 


A. 


When X^A 




(?(X, A) 


O 




2 -» "| 

* J. 


When it tends to zero with its derivatives of the first order. 

Such a function does not always, exist, but Giraud has proved that 
if (7 < 0 ever 3 rwhere, it exists and is uniform. 

(3) By substituting G(X, A) to r(X, A) in the classical integrals 
defining the potentials of simple and double distribution, or the potentials 
of domain, generalized potentials are defined, and the Fredholm method 
can easily be applied, the solution of the Dirichlet problem being given 
by a potential of double distribution, the Neumann problem being solved 
by a potential of simple distribution. 

The domain D for which we solve these problems need no longer 
to be 'small’, for interior and exterior problems cem be solved by the 
potentials formed with the principal elementary solution and then it 
becomes easy to discuss the Fredholm equation of the problem and to 
prove that it has a solution. 

J. Schauder has proposed a completely different method. 

Let us consider, for mstance, the same equation as above but with a 
second member depending on u ; Fu — /(X, u), 

Schauder writes this equation 


FXJ = /(X, u), 

XJ ^ u 


By depicting a certain function space for the function u, Schauder 
shows that the equations FU =:/(X, u) in Z>, and 17'= ^(X) on the 
boimdary 8 of D define a functional operation 

U{u). 

In a great number of cases it is possible to extend to this transforma- 
tion the celebrated theorem of the ‘invariant point* proved by Bronwes 
in an n-spaoe. The existence of this invariant point implicates manifestly 
the existence of the solution of the problem. 

To a question put by Dr. Dhar, whether the case of singularities of 
the coefficients b^.’s and c had been considered by Giraud, the speaker 
answered that certain singularities had been considered, and the Dirichlet 
problem extended to that case. But these singularities are of a very 
fecial type. More general cases have not been studied except by 
M. Brelot, for the equation Aw *» c(X)m, where A is the ordinary 
Laplacian. 


2. Pbov. M. R. SiDDiQi, Hyderabcui-Deooan. 

Some modem methods for the sdiUion of Boundary Value Prdblema, 

§1. The method of integral equations coupled with that of suQcessive 
approximations has proved a powerful tool for the solution of linear as 
as non-linear boundary vedue problems. Inspired by the classical 
work of Picard but employing the newly discovered theory of integral 
equations, Hilbert, Holmgren, Levi and others developed a method of 
tureen s fimction for the solution of such problems. 

In this method the important thing is the construction of the so-called 
greens function which satisfies the differential equation, and which 
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po88efl8eB the required singularity. Later on Levi and Hilbert developed 
a * method of parametrix’ — a parametrix being a function which possesses 
the required singularity, but does not satisfy the differential equation. 
This method has the advantage that we need not assume the solubility of 
another differential equation before solving the ^ven differential equation. 

Thus, let us take the equation in the domain T : 


( 1 ) 


3m 3u 


and let us write 

(2) ij) - -log 


It ia required to determine a function p(», y) such that 


( 3 ) 


«(*» y) 


«(*. »)+ 




T 


Vi (>v) p(i> «*i> 


satisfies the differential equation (1), where ta is an arbitrary function. 
From (3) and (1) we obtain 

( 4 ) p(x, y) - g{x, ») + J J yity) p{(. v)di dt), 

T 


which is an integral equation for the determination of p{x, y) ; the functions 
g and K are given by: 

2irgr(a?, y) » L[ta]-/, 

2irJK:(ic, y ; f, iy) « 

After an iteration, Fredholm’s theory can be applied to (4). It is found 
that the integral equation (4) has a imique solution p, and consequently 
the differential equation (1) has a unique solution m in a sufficiently small 
domain T. 

If, in particular, we take 

w - -log y, y* = (x—x^)* + (y—y^)*, 

and write 

(6) H(x, y ; ar,, y,) = »'+ J J ViifV) p{(> v)^ *?. 

7 

then H(x, y; Xq, yo) satisfied the differential equation (1) everywhere in 

T except at the point x xq, y y^. Moreover, since H—log - is regular 

everywhere in T, the function H(x,y; Xq, y^) is the ‘ fundamental solution ’ 
of (1). When we know the fundament!^ solution, we can solve the 
boundary value problem in the usual way. 

§2. The development of direct methods in the calculus of variations 
has furnished another method of atteu:k on the boundary value problems. 
Formerly, the problem of differential equations was considered as simpler 
than the extreme m problem of the calculus of variations, and consequently 
the latter was solved with the help of Euler’s differential equations. The 
relation between the two problems has now been reversed ; the differential 
equations are considered as the Euler>equations of a variation problem 
which is solved directly. Dirichlet’s problem is the first and most famous 
example of this method. After the pioneer work of Hilbert, the problem 
was considered by several authors, and a method of solving the boundary 
valueiproblems with the help of the calculus of variations was developed. 
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We give here a short aocount of Coiirant’s method for the first boundary 
value problem* 

We wish to determine a solution u(Xf y) of 

(1) £t«] - - -/(*. V). 

in the domain T with the boundary O, which takes the given values 
glx, y) on C. 

In order to solve this boimdary value problem we consider the 
following variation problem: 

Of all the functions y) which take the given values g(x, y) on C, 
it is required to find a function u(x, y) which makes the integ^ 

(2) JJ 

T 

a minimum. 

It is easily verified that the Euler equation of (2) is the differential 
equation (1). 

We can then prove the following two theorems in a direct manner. 
Theorem I. The boundary vidue problem can have at the most 
one solution. 

Theorem 2. The solution of the boxmdary value problem is also the 
solution of the minimum problem. 

But our problem here is the inverse one, viz. the direct solution of 
the minimum problem, and through it the solution of the boundary value 
problem. This inverse problem is solved with the help of * Minimal 
sequences* which are defined as follows: 

Let d be the lower limit of the integral J[^] for the given condition. 
The sequence of functions y) belonging to the space .D®, and satisfying 


(3) 


d as n-->oo 


is called a minimal sequence. 

It is evident that such minimal sequences exist, but it is by no means 
evident how to obtain the required solution from such a minimal sequence 
by passing to the limit. The main question is therefore the construction 
of the limit function, which is done as follows : 

Let a denote the circle whose centre is {xq, whose radius is 

H, and let denote a sub -domain of T for whose points (a?, y) the circle 
o lies in T. Let 

y* = (®-®o)®+(y-yo)* 

and 

(4) y)=~ log (l - S) • (f®'’ V<R) 


We write 


« 0 . 


(for y>J?) 


( 6 ) 


Vo) = ^ JJ <l>,<ixdy+ j J (^4>n~WBdxdy. 
^R 


It can ^ proved that y,) converges uniformly for all B, and 

(®o* ^o) hi to a continuous limit function w. This function u is 
therefore defined and continuous in the whole domain T and provides the 
required solution. 

The second and third boundary value problems can also be solvec} 
^ a Similar meuiner. 
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{3. In 1914 and subsequent years, Lichtenstein applied Hilbert's 
theory of infinite bilinear and quadratic forms, and developed his well* 
Imown method of dealing with the boimdary value problems by reducing 
them directly to equations in an infinite number of unknowns. We 
shall illustrate the method for one independent variable. 

Let the given equation be in the interval 0 ^ op ^ ir : 


(1) 


^+q{x)y - /(a). 


We wish to determine a solution y{x) which is regular in (0, n) and which 
satisfies the conditions: 


(2) 


y(0) = yin) = 0. 


With the help of an arbitrary, regular function v(a?) satisfying 
e(0) =5 0, v(fr) a= 0, the problem (1), (2) is transformed to the following 
equivalent problem: 

To find a function y{x) which is regular in (0, ir) and which satisfies 
the equation 




( 3 ) 

Writing 

00 00 

(4) y{x) = 2 Sinn*, v{x) = ^ 




n = l 


we obtain from (3): 

II 

00 

1 00 QO 

(6) - 2 + 

^ g r F = "V/ V 

n*l 

where 

m,n n = 1 


f, 


2 r"" 

^ — I / sin rw? dr. 


sin mx sin nx dx, 


The equation (6) holds in particular for all systems of values: 

(6) - 0, 0 F,.^ - 0, F, - 1. F,+^ - 0. ... . 

(n-1, 2 ). 

Hence we obtain the infinite system of HObertian linear equations: 

(T) 2 2. .. . 00). 
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where 


A solution Yi, 
the function 


^mn “ ^ {misn) 

=a 1 (fn » n). 

^ 2 * .... of the in&iite system (7) will provide us with 


( 8 ) 


y(^) 


oo 

2 Tn . 

• SI 

n 


sm nw 


satisfying the relation (3), and consequently the differential equation 
(1) and the conditions (2). 

Lichtenstein has extended this method in an analogous manner to 
the equation 

=/{», y). 

for various boundary conditions. 


3. Mb. S. MiNAKsmsuNDABAM, Madras. 

Application of Functional Calculus to Boundary Value Problems, 

The methods of functional calculus are very useful in answering 
linear and non-linear problems in differential and integral equations. 
This was first observed by Birkhoff and Kellogg and later systematically 
developed by J. Schander and J. Leray. The lecture is an exposition of 
the methods of these authors and their applications to boimdcuy value 
problems. 


4. Pbof. N. M. Basu, Dacca. 

Prof. N. M. Basu referred to the work of Tonneli and spoke on the 
significance of the semi-continuous character of the Functional which has 
to be minimized in the treatment of boundciry value problems by the 
direct method of the calculus of variations. He then referred to his own 
work embodied in two papers, namely (1) * On an Application of the New 
Methods of the Calculus of Variations to some Problems in the Theory of 
Bla8tieity\ Phil. Mag. X, 1930, pp. 886-896, and (2) ‘On the Torsion Problem 
of the Theory of Elasticity \ Phil. Mag. X, 1930, pp. 896-904, wherein 
it w^ shown how the expressions for the required functions could be 
obtained to any desired degree of approximation as series in pol 3 momials 
and therefore very suitable for numerical computations. He also pointed 
out that the powerfulness of the method was indeed very great as evidenced 
by the fact that the torsion function for a cylinder with square section, 
calculated by this method, yielded, even when only two terms of the 
series were calculated, a value for the twisting couple with an error less 
than 1 in 750 and differing from the value obtained by Saint Venant by 
less than 1 in 11,000. 


5. Db. S. 0. Dhab, Hagpur. 

Dr. Dhar spoke on the operational and other methods on the 
solution of boundaiiy value problcmis. 
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n. DIOPHANTINE PROBLEM. 

{Section of Mathematice and Stedistiea.) 

Fbov. M. B. Siddiqi, Hyderabad-Becoan, presided. 

Db. T. Vuatabaghavan, Dacca, opened the discussion. 


Problems oj DiopharUifie Analysis^ 

Diophantine analysis is one of the oldest branches of mathematics 
though it is named after Diophantus, a Greek mathematician of the 
third century A.D. The vastness of the subject will be realized by any 
one who even glances at the preface, table of contents, author index and 
the subject index of Vol, II of the History of the Theory of Numbers by 
L. E. Dickson.* The subject-matter of Vol. II of the History is Dio- 
pharUine Analysis^ and the volume contains reports on upwards of five 
thousand writings. Since the publication of the History several hundreds 
of papers have b^n published on the subject, and these figures are indeed 
veipy impressive for any branch of mathematics. 

The subject owes its origin partly to the fascination that curious 
properties of integers have for the human mind and chiefiy to the crisis 
in Greek mathematics due to the discovery of the existence of irrational 
numbers. A result such as that the triangle whose sides are 13, 14 and 
16 has the area 84 might not have seemed worth of much notice before 
it was realized that if we take a triangle with mtegral sides it is very 
probable that the area will be an irrational number. Again, but for the 
discovery of irrational numbers it is unlikely that the question would 
have been asked whether or not there is a rational right trianglef whose 
area is equal to a given rational number, say, for instance, unity ? Most 
of the problems t^kled by Diophantus could not have arisen except in 
the context of the discovery of the existence of irrational numbers. My 
chief object here is to mention a number of interesting results to iUustrate 
a fraction of the scope of the subject. 

1. It was known to Pythagoras (670-601 B.C.) that the sum of 
the first n odd integers is equal to the square of n. 

2. Nicomachus (about 100 A.D.) observed that 1 = 1*, 3+6 = 2*, 
7+9+11 = 3», 13+16+17+19 == 4» and so on. 

3. C. G. Bachet (Dioph^ti Alex. Arith., 1621) combined the above 
results to obtain the result that 

18 + 28 + . . . +n« = (1 + 2+3+ . . . +n)*. 

4. A complete parametric solution for the sides of a rational right 
triangle is given by 

2amn, a(m*— n®), a(m*+n2) 

where a, m and n are positive rational numbers and m>n. This solution 
was known to Euclid. 

If a, m and n are restricted to be integers then we get all the integral 
solutions ; if we further suppose that m and n are prime to each other and 


* Carnegie Institution of Washington, Publication No. 260, Vol. 11. 
f A triangle one of whose angles is a right angle, and whose three 
sides are rational numbers is a rational right triangle. Similarly we 
define an integral right triangle. The sides containing the right angle 
cure reined to as the legs of the triangle. 




Port IV — Ditcuaaiona. 


26 


that one of them is even, then we get all the integral solutions without 
duplication. 

5. L. £!. Dickson obtained in 1894 a complete solution in the form 

r+s, r+U where r* = 2^. 

6. Fermat (seventeenth century) noted that if a» 6, e are the sides 
of a right triangle then 2o4-6+2c, a+2&-|~2c, 2a4-2&4’3c are the sides of 
another right triangle and that the difference between the legs is the same 
in each case.* Starting from the right triangle (3, 4, 6) and repeatedly 
applying the transformation given above, we get the sequence of triangles 

(3, 4, 6), (20, 21, 29), (119, 120, 169), (696, 697, 986) 

It is known that this sequence contains all such integral right triangles. 
If Ux, ti2, t^s . . . be the sequence of the lengths of the smaller legs, viz. 
3, 20, 119, 696, . . . and ^2, V3, ... be the sequence of the leii^hs of 
the hypotenuses then 


"n+2 




(»= 1, 2, 3 ) 


7. Starting from the three right triangles (6, 12, 13), (8, 15, 17) 
and (21, 28, 36) and by applying repeatedly Fermat’s transformation, we 
obtain all the integral right triangles whose legs differ by 7. Sixnilar 
remarks apply when the legs differ by any given integer d. 

8. Diophantus (V, 8) noted that the three right triangles (42, 40, 68), 

(70, 24. 74), (112, 16, 113) have the same area 840. If o*+6*4*o6 = c» 
then the triangles formed from (c, a), (c, h) and (c, a-1-6) have the same 
area [the triangle (a?, y, z) is said to be formed from (m, n) if a; = 2mn, 
y = m*— n*, z = The triangles given by Diophantus corre- 

spond to o = 3, 6 s= 5, c = 7. 

The right triangles (a, 6, h) and 


/ 2abh 26*-^* 

2h * 2h(2b*-^h^ ) 

have the same area. The process can be repeated to obtain any number 
of such triangles. 

C. Tweedie \JProc, Edinb, Math, 80c,, 24, (1906-6), 7-19] treated the 
problem of obtaining all rational right triangles of area A. It leads to 
a discussion of the rational points on the cubic curve 

a;(l--a;*) = Ay^, 

9. Diophantus (VI, 18) found a rational right triangle with the 
bisector of one acute angle rational. The triangle (28, 96, 100) has one 
such bisector equal to 36. 

0. G. Bachet in his commentcury on the preceding noted that no 
rational right triangle has a rational bisector of the right angle. 

10. Heron of Alexandria (first century B.C.) gave the well-known 
formula for the area of a triangle in terms of the sides and noted that 
when the sides are 13, 14, 16 the area is 84. A triangle with rational 
sides and rational area is caUed a rational triangle or a Heron triangle. 

Brahmagupta (bom 698 A.D.) noted that by the juxtaposition of 
two rational right triangles with a common leg x we obtain a rational 
tnangle. Every rational triangle can be obtain^ in this way. 

^ 11. There are an infinity of Heron triangles whose side»are conse- 
®^ve integers; they are precisely (3, 4, 6), (13, 14, 16), (51. 62, 63). 
(193, 194, 196), If Wj, • • • denote the sequence of the 


* Denoting the second triangle by (A, B, C) we see that (a, 6, c) is 
the same as (2A-f B-2C7, A+2B-2C, 3C7-2A~2B). 
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lengths of the middle sides of the above sequence of triangles^ and 
the area of the nth triangle then 


Pn+i’^^n+l-P*)”' 


1 , 2.8 ) 


12. A rational quadrilateral is one whose sides, diagonals and area 
are expreseed by rational numbers. 

Brahmagupta — ^who, by the way, discovered the formula for the 
area of a cyclic quadrilateral in terms of the sides, a generalization of 
Heron’s formula for the area of a triangle * — stated that ‘the legs of two 
right triangles multiplied reciprocally by the h 3 q>otenuses give the four 
siaes of a trapezium *. This riddle concerns the construction of a rational 
quadrilateral, and was explained by Bhaskara (bom 1114), his commen- 
tator Ganesa (1646 A.D.), M. Chafes, and E. E. Kununer {Jour. fUr 
Math., 37, 1 848, 1~20). The illustration given by Bhaskara is as follows : — 



C B 


We start from two rational right triangles such that the hypotenuse 
of one is equal to a leg of the other. The quadrilateral is obtained by a 
suitable juxtaposition of the four triangles obtained by multiplying the 
sides of each given triangle by the base and perpendicular of the otlier. 
For a correct exposition of the method used by Brahmagupta, Kummer’s 
paper or Vol. 11 of Dickson’s History (p. 217) may be consult^. 

13. Paul Halcke (Hamburg, 1719) gave the solution 

« = 44, y = 240, z = 117 (sides) 

X = 267, y = 126, z — 244 (diagonals) 

of a rectangular parallelepiped whose edges and diagonals of faces are ail 
rational. The problem that we have by adding the condition that also 
a diagonal of the solid shaJT be rational is believed to be impossible. 
A. Mukhopadhyaya [Math. Quest. Educ. Times, 41 , (1884), 60] proved 
it impossible if the ed^s be relatively prime integers. 

14. The equation oa?*+6a;-f-c =* y* turns up in connection with a 

very large number of problems. Diophantus was led to such an equation 
in at least forty of his problems, ^e problems in 6, 7 and 11 above 
lead to the solution in integers of the equation » y*. 

As shown by Diophantus it is not very di£6cult to obtain the complete 
rational solution of aa;*+l = y*; we write y =» fjwr-fl* ojid solving the 
resulting equation (or* = w*r*H-2mr) we get 

2m m*-|-a 

a—rr^* m*‘ 


* A triangle may be looked upon as a limiting case of a cyclic 
quadrilateral. 
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To obtain the solution in integers is a problem of different calibre. Dickson 
(p. xi of the preface of Vol, II of the History) writes: ‘It is a remarkable 
fact that the Hindu Brahmagupta in the seventh century gave a tentative 
method of solving ss in integers, which is a far more difficult 

problem than its solution in rational numbers. His method was explained 
more clearly by the Hindu Bhaskara in the twelfth century 

15. We now go back to a problem mentioned earlier. What rational 
numbers can be the area of a rational right triangle? To answer this 
question it will suffice to determine what integers can be the area of a 
rational right triangle? In this connection it may be remarked that 
the answer to this question turns out to be the same as the answer to 
the question, which integers are congruent numbers ? [A number k^O 
is B€ud to be a congruent number if there exist rational numbers x, y and z 
such that their squares are in arithmetical progression with the common 
difference k. It is known that no four squares can be in arithmetical 
progression. The story of congruent numbers is a long one beginning 
with Diophantus. This type was the chief subject of two Arabic manu> 
scripts of the tenth centiuy.] 

It can easily be deduced from the results mentioned in 4 that an 
integer A can be the area of a rational right triangle if and only if it is 
of the form (a*— where o, b and c are positive integers. This solu- 
tion of the problem is not satisfactory, for, in general, it is by no mecms 
easy to determine whether or not a given integer can be expressed in 
the form (o*— •6^)/c*. For more than ten centuries it was a well- 
known unsolved problem whether or not (o*— 6*)/c* can be equal to 
unity. Fermat proved its impossibility and thereby also proved that 
the equation cannot be solved in positive integers. Fermat’s 

result is, of course, equivalent to proving that no square number can be 
a congruent number. 

Not much seems to be known about the numbers of the form 
(a*— 64)/c*. Leonardo Pisano (thirteenth century) noted that if three of 
the four numbers o, 6, a+5, a~6 be squares then thp fourth number is a 
congruent number. Thus, since 16, 9 and 16-f 9 are squares it follows that 
16— 9 = 7 is a congruent number. It is known that the only congruent num - 
bers < 20 are 6, 6, 7, 13, 14 and 16. It was proved by Genocchi {Menwrie 
di Mat. e Fis. Soc. Ital. Sc., (3), 4, (1882), No. 3) that the following numbers 
are not congruent: a prime 8k or the product of two such primes ; the 
double of a prime 8k’\‘5 or the double of the product of two suoh primes, 

16. A similar problem concerns the set of integers that can be ex- 
pressed aa a sum of two rational cubes o* and 6* where ah ^ 0; ab is not 
necessarily positive. [This problem arises because it is known that every 
rational number can be expressed as a sum of three rational cubes. It is 
known that every positive rational number can be expressed as a sum 
of four positive ratonal cubes.] It wets observed by E. Lucaa that a 
number is a sum of two cubes if and only if it is of the form ab(a-^b)lc^ 
where a, b and c are positive integers. In general it is not easy to detw- 
mine if a given number is or is not of this form. It is known that the 

numbers 2, 6, 7, 9, 12, 13, 16, 16, 17, 18, 19, 22, 26, 28, 30 are of this 

form and that 1, 3, 4, 6, 8, 10, 11, 14, 21, 23, 24, 26, 27, 29, . . . are not 
of this form. [Since 1 is not of this form it follows that a cube is not a sum 
of two cubes.] The results that are known give a picture which is far from 
complete. I mention here some of the known results. If p, p^ are 
primes 18Z-f-6 and q, q-i primes 18A;H-11 then A4^x^+y^ whenever A *= 
P, q, 2p, 47, 5q, 9p. 9q. 25p, pq, pi*, j*. 2g*, 4p*, 6p*, 9g*, 9gf, 26g*, 

P*5*. If t> = 6m+l is » prime so that v = then v » 

if at least one of the numbers 2 A, ZB-^-A, 3J5— A, \B, J(A-fB), 
i(A— B) is a cube. 

If A SB 2r* SB y9^0 then » = y » r. This result is due to 
Euler, Fermat had shown earlier that if A sb z^^yS^ then A is a 
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Bum of two onbes in an infinity of ways. J. Ptestet employed Fennat’a 
prooeas to get the identity 

_ f*(2y«+2»))» , fy(2**+y*)7* 

**+»• - • 

17. Another problem with aimilar features is to determine all non- 
square positive integers A for which the equation 

Ax* ass 

can be solved in integers x, y. It is known that there exist solutions if 
and only if the number of elements in the periodic part of the simple 
continued fraction of A is odd. This is indeed a very satisfactory 
answer, but when we seek for results similar to those mentioned in 16 
and 16 we find that though many results are known still there is scope 
for much new discovery. I mention a few known results. The equation 

has solution if A « 4m-f'l = prime; also if A = 

2tt 2B 2a 

2p q ^ t , where p,q, . . . < are primes 8A;4-6 ; also if A *= 2r, where 

r is a prime, r = 16m-(-d* c^nd d is divisible by 8 where d is such that 
r *= c*\-2d*. The equation has no solution if A is divisible by 4 or by 
a prime 4m-|-3 or if A = 2p and d is not divisible by 8 where p Is prime, 
p 8m-|-l, p == c2-|-2d*. 

18. It was mentioned in the course of 15 that Fermat proved that 
the equation 

has no solution in positive integers. But the sum of three biqueidrates 
may be a square. Diophantus gave the example 

12*+ 15^+20^ *= 481*. 

Euler tried in vain to solve the equation 

a*+6*+c*+d* =s e*. 

Up till now only one solution of this equation is known. R. Norrio 
[University of St. Andrews’ 500th Anniversary Memorial Volume, Edin- 
burgh, (1911) 89] found in confirmation of Euler’s conjecture 

30*+120*+272*+315* = 353*, 

by a series of special assumptions which lead to this single result. Euler 
h&d stated: *It has seemed to many geometers that this theorem (a;«+y* 
:^z«, xyz:^0, n>2) may be generalized. Just as there do not exist cubes 
whose sum or difference is a cube, it is impossible to exhibit three biqua- 
drates whose sum is a biquadraste, but that at least four biquadrates are 

needed if their sum is to be a biquadrate In the same manner it 

would seem to be impossible to exhibit four fifth powers whose sum is a 
fifth power, and similarly for higher powers *. 

The general solution of 

^84.B«+C« 

was given by Euler. A few numerical cases are 

384.48^.58 = 6«, l«+6»+8« « 9«, 7# + 14« + 17* = 20«, 118+1684.27* 
« 29«. 

S. Sastry {Journal of the London Math, 8oe,, 9, (1934), 242-246) gave 
an identity which yields an infinity of fifth powers which are sums of 
five fifth powers. In particular, 

107* « 7*+43*+67*+80*+100* 

17516* « 709»+6366* + 11441* + 14176*+16436*. 
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19. Finally, I shall^mention a few results on Diopbantine appro jd- 
mations. 

It is known that if is a non^square positive integer than the so-called 
Pell equation 

= 1 

has ah infinity of solutions in positive integers.* It is easy to verify that 
xjy is then such an approximation to J A that 

It is known that if 0 is any irrational number then there exist an 
infinity of approximations xjy such that 


and that if B is not a quadratic surd then the ^/6 in the above inequality 
can be replaced by any positive number less than 3. 

One of the well-known unsolved problems of Diophantine approxi- 
mations is as follows: Suppose that /(r) denotes the number of lattice 
points within the circle ~ It seems plausible that /(r) will 

be very nearly equal to wr which is the area of the circle, and indeed so 
it is. The problem is to estimate /(r)— vr. It is believed that however 
small a positive number c may be the limit, as r-*>oo, of 

/(r)-ir(r) 

is equal to zero. This result is still unproved. 

Finally, I should like to say that any one who finds Diophantine 
Analysis to be an interesting subject will find Dickson’s History a source 
of endless delight. 

2. Db. S. S. PiiiiiAi, Annamalainagar. 

He spoke on * Exponential Diophcuitine Equations 

3. Db, S. OhowIiA., Lahore. 

He spoke on the ‘Additive Theory of Numbers*. 



4. Pbof. N. M. Basu, Dacca. 

He gave an accoimt of the work of TchacalofI and EaranioolofiT 
recently published {Comptes RendvSf t. 210, 1940) wherein the authors 
obtained all rational solutions of the Diophantine Equation 

Ax -fBy =*Z , 


where A and B are rational numbers and m, n, p are any set of co-prime 
integers. He then explained the generalization of the above result 


* Dickson (Vol. II of the History, p. 341) writes: There appeared in 
India and Greece as early as 400 B.C. approximations ajb, to such 
that a*— 2fe® *= 1, and similarly for other square roots, the derivation 
of successive approximations being in effect a method of solving the Pell 
equation. For example, Baudhayana, the Hindu author of the oldest 
of the works, Stdva-sutras, gave the approximations 17/12 and 577/408 

to ^2. Note that =. 5IZ , 17»- 2.12* = 1, 877*- 2.408* - 1. 
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obtained by himself, namely, the general solution in rational numbers of 
the equation 








where Ai, A^, , . , A^ are rational numbers, i = 1, 2, . . • A;, 

gr>l and n^, n 2 , . . . p are any set of co-prime integers, also 
referred to the further generalization obtained by Dr. T. Vijayaraghavan 
who obtained all rational solutions of the above equation where (m^, 

ma miBp p) = 1. 

Closing the discussion Dr. T. Vijayaraghavan spoke on ' Some problems 
of Diophantine approximations’ as follows: — ^ 

Let ^ be a re^ number, ^^1, and 0{6) the set of limit points of the 
fractional parts of ^ (n » 1 , 2, 3 , . . .). 

Theorem : — If 0 is algebraic^ and Q(B) does not consist of an infinity of 
points then 0 is an algebraic integer y and every one of the algebraic oonjugcUes 
of By other than B itself, lies within the unit circle^ 

The converse is, of course, true. In fact, it is the converse that 
suggested the above theorem. It is probable that in the above theorem 
the condition that B is algebraic is superfluous. One reason for thinking 
so is the following theorem : — 

The set of numbers 6 for which Q{B) does not consist of an infinity of 
points is an enumerable set. 

It is known that the set of numbers B for which 0{B) does not consist 
of the entire unit interval is of Lebesgue measure zero. Indeed the s€wne 
remark applies to the set of numbers B for which the distribution of the 
points Bn, when Bn is the fractional part of B^, is not ‘uniform’ in the 
unit interval. Against this backgroimd the following theorem seems 
worth stating : — 

Let di, dit d^, ... be a sequence of intervals contained in the unit interval, 
and let the lower bound of the lengths of these intervals be positive, A number 
B is said to belong to 8 if Bn foils in dn for n = 1 , 2, 3, , , , , We have then 
that the set 8 has the power of the corUirmum, 


m. THEORY OF THE STRUCTURE OF SOLIDS. 

(Sections of Mathematics and Statistics^ and Physics,) 

Pbof. K. S. Kbishnan, Calcutta, presided and opened the 
discussion. ^ 

2. Pbof. S. Bhagavantam, Waltair. 

3. Pbof. B. B. Ray, Calcutta. 

4. Db. K. Banbbjbb, Dacca. 

Application of the Fourier Analysis Method to the Determination of Crystal 

Structure, 

A crystal consists of a periodic structure in three dimensions and 
hence the density of matter responsible for X-ray scattering may be 
represented by a three-dimensional Fourier summation. 


— 00 —CO — oo 
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If F(^) represents the structure factor for reflection from (hH) 
plane^ it was shown by W. H. Braggs that 

yF(hU) 

where F is the volume of the unit cell. 

A more practicable aeries has been developed by W. L. Bragg more 
recently in which the density of scattering matter projected on a crys- 
tcjlographic plane is given by 

— 00 —00 

where a is the area of the face of the unit cell on which the electron density 
is projected. For centrosymmetrical crystals, however, 

J /V ^ 

t , = 0 or w 
ohl 

Thus the Fourier Summation Method resolves into the determination 
of the structure factors and the phase constants. The structure factors 
may be determined from X-ray diffraction intensities as expressions have 
been deduced by Darwin, Ewald and Compton giving the relations between 
integrated intensities of reflections and structure factors. The integrated 
intensities are determined either by the ionization method or by the photo- 
graphic method. In the former method the slit of the ionization chaml^r 
is made sufficiently wide as to receive the whole reflected beam and the 
crystal is slowly rotated about the position of reflection. The area under 
the ionization curve thus obtained gives the integrated intensity. In the 
photographic method, the blackening due to reflection is to be compared 
with a standard which gives the relation between exposure and blackening. 
Robinson devised a balancing method in which light from two sources 
pass through the diffraction spot and a so-called standard wedge (in which 
exposure is proportional to the distance from a certain origin) and falls 
on two photoelectric cells. The currents through the photoelectric cells 
amplifled by valves are balanced against each other by pushing forward 
or drawing back the standard wedge and the balancing is indicated by a 
galvanometer. The distances moved by the wedge are mechanic^y 
integrated. A graphical method is being used at the author’s laboratory 
at Dacca, the ordinates on the photometric curve obtained from a Zeiss 
microphotometer at points at small intervals along abscissa are converted 
into intensity values by comparison with the photometric curve of the 
standard wedge and added. 

From measurement of the integrated intensities we obtain the squares 
of the structure factors from which we obtain their numerical values. 
Thus the phase terms remain unknown. In centrosymmetrical crystals 
only the signs of the terms are to be determined as the phase may be 
either 0 or ir. The method that has been commonly used is the method 
of trial and error. In this method preliminary determination of structure 
is effected by trial. Structure factors for reflections from the different 
planes are c^culated by assuming various arrangements of the atoms in 
the unit cell which are feasible geometrically and conform to the, chemical 
formulae. When a rough agreement is obtained between the measured 
^d the calculated structure factors, the Fourier summation is carried 
out by using the signs of the calculate structure factors with the values 
of the measured ones. Examples are afforded by the determinations of the 
structures of naphthalene and anthracene by Robertson by the Fourier 
analysis method with the help of the preliminary determinations of the 
present author. 



32 


Tweaby-eigMh Indian S^enot Oongreae. 


Direct determination of' the signs of terms has been attempted more 
recently. The first of these is an algebraic method develops by the 
author. In this method equations are set out between the co-ordinate 
positions of the atoms and structure factors. Since the number of mea- 
sured structure factors are usually very large, the number of equations 
that can be set up will be greater than the numl^r of unknown parameters. 
Hence the latter may be eliminated and equations are obtained only 
betwe^ the structure factors. So a self-consistent set of si^s may be 
obtained. Another method of the determination of the signs of the 
Fourier terms has been developed by A. L. Patterson. He showed that 
if we take a Fourier aeries in which the squares of the structure factors 
occur as 

— 00 —00 

then the lines joining the origin of co-ordinates to the maxima of the 
plot of these Fourier summations represent vectorially the interatomic 
distances as projected on the YZ plane. Thus M. Ganguly and the 
author have determined the structure of metadinitrobenzene by correlating 
the positions of the different maxima with the interatomic distances in 
this substance and thus a preliminary determination of atomic arrange- 
ments has been possible. 

Though there is always some elements of trial in the determination 
of the signs of the terms in the Fourier summation, the solution when 
once obtained is unique. This is very nicely exemplified by the structure 
determination of anthraquinone. The Fourier summation for this 
crystal was carried out on the basis of a wrong crystal system. This was 
believed by earlier crystallographtrs to be orthorhombic but on carrying 
out the Fourier summation it definitely showed a lower order of symmetry. 
So two rotation photographs were taken along two diagonals and the 
crystal system was confirmed to be monoclinic. 


6. Pbof. N. N. Sen, Sibpur. 

The Microstructure of Metals. 

Two aspects of the structure of metals should be distinguished. One 
is its crystal structure, i.e. the arrangement of the atoms in the unit cell 
of the space lattice as determined by the method of X-ray analysis and 
the other is its microstructure by which is meant the description of the 
size, shape and disposition of^the different crystalline constituents present 
in the metal. The crystals of metals as a rule are very small — their 
dimensions usually varying between 1/10 and 1/1000 mm. and their 
presence is revealed by examining a specimen under a microscope after 
grinding, polishing and etching with suitable reagents. 

The crystal structure of majority of metals is rather simple and 
they have either body centred cubic, face centred cubic or close packed 
hexagonal space lattices. When soHd solutions are formed, the basic 
structure of the unit cell in the crystal remains unaltered. The solute 
metal atoms either replace the atoms of the solvent metal in the space 
lattice or they take up their position between the interstices of the lattice 
atoms. But when one metal combines with another metal, the crystal 
structure of the compound undergoes a fundamental change and assumes 
a more complex form. 

In three important respects crystals of metals differ from crystals 
of other substances. Firstly, they are opaque to light and are therefore 
examined in refiected light. Secondly, they are not bound by plane 
(crystallographic) surfaces having definite interfacial angles oetween 
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them, thus lacking in regular geometrical shape commonly associated 
with crystals. Thirdly>^ when they are subjected to mechanical stress 
beyond their elastic ll^t, they do not suddenly ruptiu^e but continue to 
deform by slipping along certain crystallographic planes. It is rather 
fortunate that the metals possess the last two characteristics because the 
mechanical properties of metals for which they are valued Icirgely depend 
on them. 

In the molten state a mixture of metals is a mixture of their atoms. 
But when they are cooled, they are deposited as crystals of pure metals, 
solid solutions inter-metallic compounds or some combination of these. 
These ere known as the constituents of the alloy and their nature and 
relative propjortions are obtained by reference to their constitutional 
diagrams which represent the change of constitution with change of 
composition and temperature. It has already been pointed out that the 
size, shape and arrangement of these constituents in a sample of metal 
constitute the microstructure of the metal. It has been demonstrated 
that the properties of a metal are closely related to its structure. The 
microstrpcture can be changed primarily by altering the composition of 
the metal. Secondarily a constitutional and consequently a structural 
change can be brought about by suitable heat treatment. On the other 
hand, the size and mutual disposition of the constituents can be altered 
by mechanical treatment without producing any change in the constitution. 
It is thus seen that any alteration in any of the three major factcrs, 
viz. (1) composition, (2) heat treatment, and (3) mechanical treatment 
can influence the properties of a metal by producing definite changes in 
the micro structure of the metal. 

Some typical photo -micrographs were then shown to indicate the 
characteristic features of microstruotures of metals and to illustrate how 
different factors modify them. 


IV. MATHEMATICAL THEORY OF STATISTICS. 

(Section of Mathematics and Statistics, in co-operation with the 
Indian Statistical Conference.) 

Db. C. W. B. Nobmand, Poona, presided. 

Mr. S. N. Roy started a discussion on the ‘problems of discrimination 
and classification’. Confining himg^lf primarily to univariate normal 
populations he explained how the usual tests of significance H' and ‘z* 
served to discriminate between two or many populations in respect of 
both the parameters, how on the non-null hypothesis one could define 
similar functions of the populations p€u»meters to serve as a suitable 
measure of the difference between the populations in respect of the para- 
meters, and how the sampling distributions of and *«* on the non-null 
hypothesis could give us some idea of the divergence between the popula- 
tions, thus leading to their classification. He' then briefly referred to 
some of the extensions of these concepts and tools to the case of multi- 
variate normal populations. 

Prof. P, C. Mahalanobis, who spoke next, dwelt on the historical 
development of the tools of classification and how the method for the 
Classification in respect of the means had a certain analogy with the line 
element in the gravitational theory of relativity. 

3 
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V. THEORY OF STEUJ^ SmUCOmE, 

{Sections of Physics^ and Maihemalics and Statistics.) 


PBOf. P. N. Ghosh, Calcutta, presided. 

1. Db. R. C. Majumdab, Calcutta. 

HerUsprung-RusseU Diagram and the Problem of SteUar Structure, 

Astronomical observations allow us to determine three important 
physicfid characteristics of a star, the mass, the radius and the luminosity 
(the total energy in ergs radiated per second) usually denoted by the 
symbols M, R and L respectively. The masses of the stars are deter- 
mined by measuring the acceleration produced in them by the neighbouring 
•tars and have so far been successfully determined only for the binary 
stars. The luminosity is fotmd out from the appcirent brightness and 
the radius for large stars are measured directly by Michelson*s inter- 
ferometer. But for ordinary stars the radius is determined by round- 
about methods. Since each colour of light has a iq)ecial temperature 
associated with it, the surface temperature is first measured from an 
analysis of the distribution of different colours of light in the spectrum 
of the star and then knowing the luminosity, radius is determined. It 
was revealed after a study of these parameters that the stars of the 
universe are not distributed at random but follow a definite course when 
arranged according to their observed luminosities and spectral types (or 
surface temperatures). The discovery of this stellar chart by Hertzsprung 
and Russell proved to bo of fundamental importance for the study of 
stellar structure. It was found that a vast majority of stars (more than 
five-sixth of the whole) is included in a straight narrow band in this two 
dimensional RusseU diagram, called the main sequence running diagonally 
from stars of low luminosity, small mass and small effective temperature 
of class M at one end to those of high luminosity, large mass, and large 
effective temperatures of classes B and A at the other. A poition of the 
remaining stars lies on another branch on the diagram with high luminosity 
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and low efifective temperature. The stars of high luminosity and great 
ai 2 se are generally called the giants and those with low luminosity and 
fffna.11 size the dwarfs, the distinction between giants and dwarfs being 
\ieell marked only for steucB of low efifective temperature. There is also a 
region near the left-hand bottom corr^r of the diagram which is occupied 
by faint stars of very high surface temperatures, known as white dwarfs. 
The few stars at the top of the Russell diagram which are very massive 
and much more brilliant than the ordinary giant stars are super giants. 
Sub-giants form another class of stars of G and K type which have low 
effective temperature and lie intermediate between the giants and the 
dwarfs. It is also very remarkable that there are no stars between red 
giants and dwarfs and between the main sequence and the white dwarf 
stars. A glance at Russell diagram above shows roughly the range of 
variation of the various physical quantities amongst different stars. 

The explanation as to what makes the stars to be distributed in this 
particular way in the Russell diagram is the subject-matter of all investiga- 
tions on the theory of stellar structure. For such an investigation we 
require a knowledge of the density and temperature distribution inside 
the stars as well as their chemical composition. A rigorous investigation 
on the stellar structure is possible if the opacity coefficient and the rate 
of liberation of energ^r are known in terms of density and temperature. 
But as these quantities are not known with definiteness recourse must be 
taken to some sort of model. The results obtained thereby may not 
represent the actual conditions in the stars but still afford some 'insight* 
as regards the actual conditions. 


2. PnoF. N. R. Sen, Calcutta. 

Moithematicdl Theory of the Internal Const Utif ion. 

Problem, 

Astronomical observations furnish three important attributes of a 
star, the mass, the radius, and the luminosity (the total energy radiated 
per second), usually denoted by the symbols, ilf, i? and L respectively. 
Most of the stars radiate uniformly, that is ecM^h star gives out the same 
amount of energy per unit of time, and there are no reasons to believe 
that these stars have changed appreciably within some thousands of years. 
It is thus reasonable for our purpose to assume they are in a steady state 
in which the physical conditions are supposed not to change with time. 
The mathematical problem of the stellar structure consists in an enquiry 
about the temperature, pressure, and other physical conditions inside a 
very hot mass M of matter in steady state, which is rolled up into a ball 
of radius R, and whose surface radiates the fixed amount of energy L, 
The conditions well inside such a body are somewhat different from those 
near the surface. We shall coniine ourselves to the deep interior where, 
as we diall see later, the conditions merge into some sort of rough uniformity 
for all stars. 


The McUhemcUical EyucUiona ai%d their Oonaequences, 

I 

A mass of gas in gravitational equilibriiun will be governed by the 
equations 


dr 



( 1 > 


dM{r) 

dr 


4^pr^ 


(*) 


Definite configurations may be obtained from these by a s sumin g a (P, p) 
relation of which the one studied most is of the type P •m Op These 
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oonflgunUaons axe finite ao long as n<6, and give spheres of vaxring mass 
oonoentrations. The temperature distribution within such stellar bodies 
suggests central temperatures of the order of lO^K, at which most of 
the atoms will be etnpped of their electrons. Besides, a considerable 
amount of radiant energy will be pent up within these bodies, which may 
exert a pressure comparable to the gas pressure. The total pressure P 
win indeM be 

P’^Pg+P^ = ^pT-\-\aT*, p,= (l-/J)P. (3) 


if the ordinary gas law is assumed to hold good. The energy pent up 
within the gas mass is transmitted mainly through radiation unless the 
matter is degenerate, llie radiative temperature gradient is given by 


dr 




5 ? ^ 

e *4wr« 


( 4 ) 


where x is the opacity coefficient, and Lr the total fiow of retdiant energy 
per second across a spherical surface of radius r. 

If the temperature gradient corresponding to (4) be greater than the 
adiabatic gradient, equation (4) is to be replaced by 


P 



( 6 ) 


Given and x by ph 3 ndoal theories, there now stand three differential 
equations among four quantities p, T, iff(r). A fourth equation is 
given by 


dLt 

dr 


4irpr2e 


( 6 ) 


where c is given for the main sequence stars at least, by Bethe*s theory 
of energy ^neration. 

The TOundary conditions are at r = B, p = 0, T *= 0, Lr L, 
M(r) = iff, and further at r = 0, ?r = 0, iff(r) ra= 0, to avoid a singularity 
at the centre. 

A study of the solutions shows that the whole system of solutions 
can be expressed in terms of two parameters, p and iff being often chosen 
as these parameters. This is known as Vogt-Russel Theorem. 

For X we can accept Kramer*s law, which is also supported by quantum 
mechanical calculation 


( 7 ) 

By ^ these given conditions the stellar problem is over determined, 
and in fact among the given parameters there is a relation of the t 3 rpe 

P{Xfj^Lg iff, jB, p) “ 0 

which represents a mass luminosity law. A simple form of the function 
which can be easily deduced in case of small radiation pressure is 


x^L = const. 




• f* 


7.6 


( 8 ) 


A vwy simple solution of the equation (1), (2), (8), (4) was obtained 
by Eddingtim on the supposition 

xri — const., where LrlM{r) — iy. L/M . . . . (9) 
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The ratio of radiation to gas preBBure becomes now constant^ and is given 
by the quartio equation 

(I.j5)/i8* « •00309(M/©)V» 

and the maas luminosity -law in the form 

r 4i,eGM{l^P) 

Jj a, 

which in fact is identic^ with (7) with fiP in place of /a on the right. This 
is a fairly good approximation for the main sequence stars of small masses. 
Eddington calculated Xq astronomically from (9) by substituting the 
known data of Capella. But this was nectrly 40 times higher than the 
value obtained from the physical theory. Eddington’s astronomical 
value of Xq substituted in (9) gave a correct mass-luminosity relation for 
many other stars. 


The Diagram, 


Eddington’s cabulations were made with But if the stars 

contain a large amount of hydrogen a lower value of p will be appropriate, 
and the discrepancy of the x value becomes smidler, and inde^ can be 
made to disappear by assuming a suitable hydrogen content. The H.R. 
diagram can then be explained by assuming the hydrogen content to be a 
parameter of the star. If a; be the proportion of hydrogen in the stellar 
material, a quantum mechanical calculation of (6) gives 


and 


- 7-^s.»o“3»x10**(1-X*) .. .. (10) 




.. ( 11 ) 


where f is a slowly changing quantity of the order of 1. From these two 
equations, for a given set of values of L, M, R, two values of X are obtained 
of which only one is appropriate. Equation (11) can be used to find the 
hydrogen content of a star, instead of predicting the luminosity of a star 
fr(3m its mass. The points of the B[.R. diagram can now be exhibited as 
lying on two sets of curves with two parameters; one set corresponding to 
constant mass, and the other to constant hydrogen content. The H.R. 
diagram is thus explained in the light of Vo^-Russel Theorem. 

The white dwarf stars form a separate group by themselves, and do 
not conform to the mass-luminosity law. They can be described by only 
one parameter and there is indeed a mass-radius relation for them. 


3. Db. R. C. Majumdab, Calcutta. 


Theory of White Dwarf Stare. 

The white dwarf stars, which are characterized by extremply feeble 
luminosities and enormously high densities, occupy the left-hand lowest 
comer of the Hertzaprung-Russell diagram, ^ey are called 'white 
dwarf* because their surface temperatures are so high that they look 
much whiter than the main-series stars. A density of the order of 10* to 
10« grama/cm.> is not uncommon in these stars, whereas the heaviest 
metal known on the earth is only about 20 times dense than water. 
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Thoii|^ this abnormally high density looked absurd in the beginning, it 
was, however, ehown to be conceivable in the light of Bohr's atom, which 
being roomy objects might be reduced in size by suitable conditions. 
Under very high temperatures and pressures in the interior of the stars 
the atoms win lose their extra nuclear electrons and this reduction in 
size will allcw the formation cf superdense material. An elementary 
consideration of the uncertainty principle shows that the conditions of 
matter in these stars differ radically from those in the ordinary gaseoru 
stars. The electrons in these stars are degenerate and obey the anti- 
symmetrical statistical laws and if the density is so high that the distance 
l^ween the two electrons are of the order of their Compton wavelei^h 
then the relativity modification of the statistics should be taken into 
account. The flow of heat and light in these stars have been thoroughly 
studied and it is found that the degenerate gas is more transparent to 
radiation than the gaseous material and the transfer of energy is chiefly 
controlled by the conduction and not by radiation as in the case of a 
perfect gas star. The equation of state is independent of temperature in 
the first approximation and as a result the structure becomes independent 
of the distribution of temperature in the interior. The energy generation 
process also should not depend much on the temperature distribution. The 
extreme outer layers of a white dwarf are gaseous which being less 
transparent to radiation acts as a blanket and keeps the heat in. The 
temperature of a white dwarf is therefore not very high, it is even lower 
than the central temperature of ordinary stars such as sun. The in- 
vestigation shows that a complete degenerate white dwarf is only possible 
for stars of masses which are less than 5*7 0 (/la is the average mole- 

cular weight indicating the mean composition, and 0 is the mass of the 
sun) and degeneracy can never be developed in a star whose mass is 
greater than 6*6^-*0. The stars of masses lying between these two 
limits have a degenerate gas core surrounded by a perfect gaseous 
envelope. It is fisher foimd that for complete degenerate stars there 
exists a unique relation between the mass and the radius — the radius 
decreases as the mass increases. The average and the central densities 
increase however with the mass. The mass-radius relation for complete 
degenerate star corresponds to the mass-luminosity-radius relation for 
the ideal gaseous star. In the latter case the mass-luminosity relation 
depends very little on the radius and is therefore generally known as 
mass-luminosity law. But in the case of a complete degenerate star the 
mass-radius relation comes out to be independent of luminosity. Further, 
the mass-radius relation involves the mean molecular weight and hence if 
the mass and the radius are known one can determine the mean molecular 
weight and hence the composition, particularly the hydrogen contents for 
the white dwarf stars, which have got a very important bearing on the 
energy generation and evolution of these stars. 


4. Db. D. S. Kothabi, Delhi. 

Stellar Energy Generation, 

(i) The energy generation in the main-sequence stars is fairly well 
accounted by Bethe's theory. The recent experimental work in nuclear 
Physics relevant to this theory is discussed. 

(ii) The difficulties in cbccounting for the energy generation in giant 
stars are indicated and the various theories that have b^n suggested are 
examined. No really satisfactory solution of the difficulty has been 
given so far. 

(iii) The problem of the energy supply for the white dwarfs is discussed. 
An account is given of Wildhack's theory, and it is shown that the 
gravitational contraction ia sufficient to explain the energy generation in 
such stars. The subjects (i) and (ii) are only discussed briefly, wl^reas 
(iii) is <^t with in detail. 
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VI. SUGAR TECHNOLOGY. 

{Section of Chemistry.) 

Db. Mata Pbasad, Bombay, presided. 


Mb. R. C. Sbivastava, Cawnpore. 


Indian Sugar Industry and Us Problems, 

Since the grant of protection in 1932 the Sugar Industry has developed 
rapidly and is now the second biggest industry in India. Bihar and the 
United Provinces together produce 80% of the sugar made in India, 
while the United Provinces alone contribute more than 50% of the total 
Indian produce. 

The industry on its commercial side has had diihoulties recently, 
due mainly to lack of regulation. Periods of short production have been 
followed by bumper crops and such large production that the limit of 
home consumption was exceeded and large surplus stocks had to be 
accumulated. But the bold policy adopted by the (Governments of the 
United Provinces and Bihar combined with the setting up of a permanent 
joint Sugar Commission for the two provinces augurs well for stability 
and regdated development in the future. 

It would, for the present condition and future prospects of the 
industry on its technical side, be necessary to give a r6sum4 of what has 
been achieved in this direction during the last 7 or 8 years, and then to 
indicate some of the problems which face the industry to-day and for the 
satisfactory solution of which research work and extensive scientific 
investigation are necessary. 

The present state of sugar industry in this country would have been 
impossible, even in spite of protection, if the valuable canes of Coimbatore 
were not available, and credit for this is to a great extent due to Ra*' 
Bahadur Venkatraman. What the industry needs is a cane which will 
be cheap to grow, which will give a high recovery and a long season, and 
which will be resistant to common diseases and pests, such as red-rot, 
borers, and pyrilla. Coimbatore has given a large number of varieties 
to choose from. Selection and trying out of these, combined with the 
development of suitable methods of cultivation, has formed the main 
item of work so far on the agricultural side. To get some idea of the 
improvement which has actually taken place, mention may be made that 
some of the Bombay Factories have succeed^ in obtedning yields of over 
1 00 tons of cane per acre imder intensive cultivation on their own farms. 
In the United Provinces and Bihar the cane development work, which 
is being done by Government in collaboration with the Factories in areas 
reserved for their cane supplies, has succeeded in implementing the most 
importcmt recommendation of Sir John Russel, viz., that of carrying the 
results of scientific investigations to the cultivator’s land. The improve- 
ment in cane cultivation which has taken place, as a result of this develop- 
ment work, has substantially raised the yield per aere thereby lowering 
the cost per maund of cane. The quality of cane judged from its sugar 
content and the purity of its jxiice has al^ improved in these areas. 

On the technical side, sugar factories have shown steady progress 
diuring the last seven years. The Sugar Technologists* Assbciation of 
India makes a careful study of the manufaeiurin^ reports submitted by 
factories and brings out an annued publication oonteuning detailed operating 
data compiled in a comparative form. A study of these shows that an 
alhroimd progress in manufacturing efiELciency has been taking place from 
year to year. Mill extraction, boiling house extraction, and over-all 
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extraction, the three baaio criteria for judging operating efficiency have 
all improved and an analysis of the increase shows that the greater portion 
of the improvement is due to increased efficiency rather than to better 
cane quality, although the latter has also improved. 

Reference may be made to the improvement which has taken place 
in regard to the quality of sugar produced by Indian Factories. An 
important step for effecting improvements in this respect was the setting 
im of uniform standards of quality on the basis of what are known cusi the 
*mdian Sugar Standards ’'issued by the Bureau of Sugar Standards main> 
tained by the Imperial Institute of Sugar Technology. The standards 
permit of an accurate grading of sugar both in regard to colour and size 
of grain and have been in use now for over five years. Judged according 
to these standards, it is observed that improvement in quality has taken 
place in two directions. Firstly, Factories are now producing sugars of 
a more uniform quality €tnd the number of grades produced is also becoming 
smaller. Secondly, a general rise in the quality of sugar is also taking 
place, so much so that several Factories are now producing sugars superior 
to even the best imported sugars. 

Finally, on the mechanical side also the industry has given a good 
account of itself. Most marked improvement has taken place in three 
directions, namely, in better fuel economy, in reducing loss of working 
time during the cruishing season, and in obtaining higher capacity combined 
with increase in efficiency. The varieties of cane grown, specially in the 
sub-tropical tracts of In^a, have all high fibre content and theoretically 
the quantity of bagasse produced from such canes should not only provide 
sufficient fuel for running the Factory but should also leave a certam 
amount of surplus bagasse. Till recently, however, very few Factories 
were able to work without burning large quantities of outside fuel, such 
as fire-wood and coal, the cost of these being anything from Rs.20,000 to 
Rs.50,000 per Factory per season. As a result of improvements made 
in the design and construction of boiler furnaces, and of a more economical 
use of steam for process, the quantity of outside fuel has considerably 
been reduced. Many Factories not only do not bum any outside fuel 
now but get such large quantities of surplus bagasse that methods have to 
be devis^ for its satisfactory disposal. In regard to a reduction in the 
loss of working time during the crushing season, better maintenance of 
the plant combined with higher skill in its operation has succeeded in 
bringing down the figure of lost time from 26-30 % to 10-1 2 %. This means 
that in a season of the same duration, the output of the Factory is 
increased by at least 10-16% thereby lowering the incidence of over-head 
charges and wages bill, thus reducing the cost of production of sugar. 

It is desirable to refer to some of the problems which face the industry 
and to give a brief account of the work that is being done and see what 
further work is necessary. 

The first problem, which is in fact a continuing problem, is the further 
improvement of the technical and mechemical efficiency of operation 
of Sugar Factories. The Institute assists Factories by giving technical 
advice and by undertaking research on problems arising in Factories. 
As examples of this type of work, reference may be made to the designing 
of special types of groovings for mill rollers, the designing of boiler 
furnaces, worki^ out processes of clcudficaticn to suit the special 
conditions obtaining in individued Ffustories, and preparing schemes of 
sugar boiling to give better and iD^re uniform qualities of sugar. Help 
is also being given in securii||; blt^r chemical control over the manu- 
facturing opmtions by preparing a6hemes best suited to each Factory 
and scrutinizing the periodical manufacturing reports. 

A matter which has assumed considerable miportance lately is that 
of proper storage of sugar so as to avoid deterioration. Sugar is made 
from cane dvmm a season of approximately 6 months in the year whilst 
it has to mail consumption requirements for a full year ana has there- 
fore to bq 4lbred for considerable periods. If the production of sugar 
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in any season exceeds the consumption requirements, as happened in 
1939-40, large stocks have to be canoed by the mills for very much longer 
periods. It is estimated that even under normal conditions the loss 
incurred by Factories as a result of deterioration of sugar amounts to 
about Ils.l0 lakhs annually. Research work has, therefore, been under- 
taken to 0nd out the conditions necessary for keeping sugar without 
deterioration. The investigation has been partly biochemical and partly 
chemical. Experiments on the biochemical side have indicated that in 
the first stage of deterioration moulds predominate and these are replaced 
by yeasts and bacteria during the later stages with increasing moisture 
content. The first step in improving the keeping (Quality of sugars is, 
therefore, to eliminate the possibility of introduction of moulds. As 
moulds are carried by dust, it is essential to improve the sanitation and 
cleanliness of the Factory and also the quality of water used for process. 
The object of the chemical investigations is to determine the critical 
humidity for different grades of sugars and to devise means for maintaining 
the humidity and temperature in the godowns within the limits of safety. 
This work is being done partly in the Institute and partly in the godowns 
of a number of sugar Factories. Finally, special attention is being given 
to the designing of new godowns and making alterations to existing 
godowns so as to make them suitable for proper storage of sugar. A 
scheme of technical control of sugar storage is also being evolved which 
will enable the factory Chemist to know when the sugar approaches the 
danger limit. 

The disposal and proper utilization of the by-products of the sugar 
industry, namely, molasses, bagasse and filter press-mud, provide a very 
wide field for the research worker. Molasses is easily the most important 
of these by-products in quantity as well as in value. In the pre -protection 
days the return from molasses was generally sufficient to pay for the work- 
ing expenses of the Factory. To-day, not only is the return negligible, 
but in many places Factories have to incur expenditure in getting rid of 
surplus molasses. In view of its great importance the problem is being 
attacked from different angles. . 

Attempts have been made to recover sugar from molasses and two 
or three different methods have been tried. The one which gives the 
fastest promise of success is that of destroying the reducing sugars with 
lime and precipitating sucrose by one of the alkaline earth oxides imder 
special conditions. Sevent3»’ to eighty per cent recovery of sucrose can be 
effected by this method. 

The preparation of edible sugar syrup from molasses has also been 
tried with satisfactory results. The process consists in precipitating the 
sugars in molasses with quicklime under special conditions followed by 
suitable subsequent treatment. 

Extensive experiments on the preparation of cattle feed from molasses 
and be^asse have been undertaken tmder a scheme financed by the Imperial 
Council of Agricultural Research. A feed containing mixture of two 
parts of molasses and one of bagasse has been produced €ttid has satisfac- 
torily undergone feeding trials in a number of animal nutrition centres 
throughout India. The ^ product, which has been given the name of 
BAGO-MOLASSES, has now been standardized and the necessary 
machinery for producing it commercially is at present being designed. 

A process has also been developed fbr using molasses for road making. 
An insoluble resinified road composition has been made fVom molasses, 
the basis for the process being the combining of the aldehydes and ketones 
m molasses with the phenolic bodies in coal-tar and asphalt in the prestoce 
of an acid or alkali catalyst to form a resinified compound.* A 
of ro^ treated with this composition has been in use now for 4 years iM' 
is still in a good condition. The P.W.D. are now treating with this 
composition a short length of an important public road near Cawnpore. 

The manufacture of acetone and butyl alcohol from molass^ has 
given satisfactory results in the laboratory and the process is now to be 



tried on a fiemi-oommeroial scale. A simplified process has also been 
developed for the dehydration of alcohol for the manufacture of power 
alcohol, the dehydrating material used being fused potassium acetate and 

caustic potash. , • 

Several workers have tried the use of molasses as manure and it has 
been found that apart from the question of its suitability for tto pu^se, 
the cost of transport and application renders this method of utilization of 
molasses imeconomical. The direct application of molasses to the soil 
also leads to retardation of plant growth due to the accumulation of acids 
resulting from the fermentation of molasses. So long as the alkalinity 
of the soil is adequate to deal with the acidity, no deleterious effects are 
discernible. But with heavier or repeated applications, the depressing 
effect becomes evident. The concentrated manures prepared by the 
biological method developed in the Institute have no such drawbacks. 
They consist of yeast, calcium salts of organic acids and nitrogenous 
decomposition products, all of which are valuable plant foods. The 
Imperial Council of Agricultural Research has recently sanctioned a scheme 
for large scale production of concentrated molasses manure in collaboration 
with Sugar Factories. 

Turning now to bagasse, which is another important by-product, 
the problem of its disposal has not yet assumed the same importance and 
urgency as that cf molasses. The manufacture of cattle-feed from 
bagasse and molasses, to which reference has already been made, forms 
one method of dealing with surplus bagasse. Another method of utilizing 
surplus bagasse, which is at present under trial, is that of composting it 
along with cane trash and filter press-cake in order to produce a valuable 
manure. Various methods of composting are being tried and experiments 
are simultaneously being conducted in a few Sugar Factories which have 
their own Cane farms. 

Filter press-mud, the last by-product to be considered, has been 
successfully tried as a raw material for the manufacture of activated 
carbon. The product obtained compares favourably in quality with some 
of the best imported carbons and it is now being manufactured on a semi- 
commercial scale and supphed to Oil Mills and Sugar Factories, 

The Indian sugar industry consumes annually over 7,000 tons of 
imported sulphin and of this nearly 3,500 tons goes to waste in a combined 
form in press-mud. Experiments are therefore in progress for devising 
a method for recovering at least a part of this waste sulphur and also for 
the manufacture of sulphur compounds, such as sodium thiosulphate. 

More recently a dye-stuff of the sulphur group has been obtained 
from press-mud after removing the mineral matter from it by a pre- 
treatment. On suitable modification the dye-stuff gives a shade of khaki, 
which matches with the standard khaki. 

The problems connected with the disposal of by-products have been 
dealt with so far. Before concluding, reference may be made to a problem 
of a much more fundamental nature. The sugar industry in India is 
confined to the manufacture of white sugar which is consumed mainly by 
the well-to-do sections of the population. The bulk of the population, 
however, cannot afford to eat sugar and has to be content with cheap and 
inferior products like gur or jaggery. These are produced by cane growers 
by crude and inefficient methods. Several attempts have been made 
in the past for manufacturing gwr on a factory scale but they have in- 
vai^bly failed as the product which was obtained did not have the charac- 
teristic colour, fiavour and consistency of gur^ even though it was chemically 
much purer than gur. The consumption of gur in India varies between 
^ 2-3 mimon tons annually as compared with a little over a million tons of 
white sugar. It is obvious, therefore, that if a satisfactory process can 
be developed for manufacturing in Sugar Factories high grade gur or 
brown sugar possessing the characteristic features of gur the entire sugar 
industry of this country will be revolutionized. Work on this problein 
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jfl at present in progress in the Institute Laboratories and in the Experi- 
mental Factory. 

This finiidies a survey of the problems of the Indian sugar industry, 
but before closing an appeal, or rather, two appeals may be made. The 
sugar industry is now an important industry and some idea of the large 
number and varied nature of the problems with which it is faced has been 
given. In the interest of the industry and in the larger national interest, 
it is necessary that research work directed towards its improvement 
should be done on as wide a scale as possible. For this purpose an in- 
vitation is extended for an exchange of ideas and closer collaboration with 
workers in the Universities and other Research Institutions. The Institute 
has alnsady in operation a scheme for co-ordinated research work in 
collaboration with Technologists working in Sugar Factories. A similar 
scheme of co-operation with fellow workers in Universities and other 
Institutions is equally desirable and would be most welcome. 

The second appeal is to the Science Congress. Thanks are due to the 
authorities of the Congress for affording the sugar workers this opportunity 
of discussing sugar research, but the importance of the industry deman^ 
that the present s 3 nnposium should become a regular annual feature in 
the future and that at least one whole day should be allotted to it. It is 
hoped it would be possible to arrange for this. 

The following are the questions and answers that followed the paper: — 

(o) which factories had succeeded in obtaining crops of 100 tons 
and over ; 

(6) what was meant by the term ‘efficiency’ of sugar factories 
and how it was ascertained that an improvement in efficiency 
had taken place ; 

(c) whether sufficient surplus bagasse would be available for making 

cattle-feed by mixing with molasses ; and 

(d) what was the present source of supply of sulphur for sugar 

factories in India. 

Mr. Srivastava in reply stated that sugar factories in the Bombay 
Presidency grew their own cane and several of them entered the competi- 
tion for producing heavy cane crops. He mentioned the names of the 
factories at RavaJgaon and Kalamb which had obtained yields of more 
than 100 tons of cane per acre on their own farms. Some private growers 
also had obtained similar yields. 

In regard to the term ‘efficiency*, Mr. Srivastava explained that 
this referred to the mill extraction (i.e., Pol. extracted in mixed juice 
per cent Pol. in cane) the boiling house extraction (i.e., Pol. in finished 
sugar per cent Pci. in mixed juice) and the over-all extraction which is the 
product of the mill extraction and the boiling house extraction. 

As regaxds the availability of a sufficient quantity of bagasse for 
making cattle-feed, Mr. Srivastava explained that all the bagasse available 
was not used for this purpose. The bagasse ets it came out from mills 
was automatically screened in the bagasse carrier and only the fine portion 
(which consisted mainly of the soft pith fibre) was used for making the 
cattle-feed. There should be nh ffifficulty in obtaining the required 
quantity of bagasse as the fibre content of Indian ccmes was generally 
higher than that required for producing steam in the boilers. In fact, 
several factories with efficient boiler plants got such large quantities of 
surplus bagasse that its disposal was becoming a problem in itself. 

Finally, in regard to the source of sVipply of sulphur, Mr. Srivastava 
pointed out that although the usual quality of double refij(;ked Italian 
sulphur was no longer available, there was no difficulty in obMlung 
supplies from the United States, Java and Japan. The American sulphur 
was of the same high quality cus Italian sulphur but its price was very 
much higher. The sulphur obtained from Java and Japan was cheaper 
but of an inferior quality and instead of being in the form of rolls it was 
usually supplied in the form of lumps mixed with a large proportion of 
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sulphur dust. The dust gave rise to difficulties in burning and to over* 
oome these difficulties improvements had been introduced m the sulphur 
burning plant. 

2. Db. K. a. N. Rao, Cawnpore. 

Sugar Factory By-products, 

Of the sugar factory by-products, mention may be made of cane 
trash (93,000 tons per annum in sugar factories), bagasse (only in a few 
factories), filter press-cako (2,32,600 tons per aimum), molasm (about 
600,000 tons per cuinum), and furnace ash and clinker. 

Meddles , — ^The most important of these is molasses. Investigations 
have been carried out to utiuze molasses in different ways. 

A. Recovery of sucrose. — (i) By treating molasses with a mixture 
of ethyl alcohol and glacial acetic acid under suitable conditions, 60-76% 
of the sucrose in mohksses has been recovered. 

(ii) Sucrose has also been recovered by destroying the reducing 
sugars in molasses either by boilmg with lime or by treatment with 
non -inverting yeasts and then precipitating sucrose by one of the alkaline 
earth oxides. Conditions of precipitation vary for the different oxides, 
as also the recovery of sucrose which ranges from 76-86 %. The laboratory 
results have been confirmed in the factory in some of these cases. 

B. Edible syrwps. — ^The sugars in molasses (37% sucrose, 16% 
reducing sugars) can be precipitated by specially prepared quicklime 
under defined conditions and by decomposing these lime -sugar compounds 
and suitably treating the resulting sugar solutions, a table syrup possessing 
good taste, colour and keeping quality, and comparing favourably with 
the well-known products on the market is obtained. A recovery of 80% 
of the sugars in molasses c£ui be effected by this method; 100 maunds 
of molasses can be converted either mto 60 maunds of syrup of 76® Brix 
or into 60 maimds of qur. 

C. Catde-feed. — A nutritive cattle-feed named *Bago -molasses* 
has been prepared from bagasse screenings and molasses, with or without 
the addition of oil-cake. It has been tested in the Nutrition Centres by 
being fed to cattle during prolonged periods and he^ been found to be 
satisfactory. 

Filter press-cake. — By extraction with the usual solvents, cane wax 
has been recovered from dried filter press-cake in yields of 10-12%, and 
after bleachmg by the usual methods, a wax melting at 58®C. has been 
obtained. Large scale experiments axe on hand for its extraction and its 
properties are under examination with a view to its utilization. 

Cane trash. Filter press-cake and Bayasse. — ^Experiments carried out 
with cane trash (0*24% N, 28*0% C), filter press-rake (1-1*6% N, 4-6% 
P2O5, 10% OaO, 2% K2O, 40% C on dry basis) and bagasse (0*14% N, 
have shown that a compost of good quality c€m be prepared 
staging from a suitable mixture of these materials, in a period of about 6-7 
months. Cowdung slurry is used as an activator and in order to minimize 
expense, the heaps are not subjected to any turning. The compost 
contains 1*6% N, 3*3% PgOg and 0*86% KjO. 

Furnace ash and clinher . — Detailed analyses of these products from 
different factories axe being carried out with a view to determine the 
suitability of these products for the manufacture of gUss. 

3. Db. a. N. Rao, Cawnpore. 

Utilization of Sugar Factory Press-mud. 

11,000,000 tons of sug^-cane axe on cm average annually crushed 
in the Indian sugar factories. Eighty-five per cent of this is worked 
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by the sulphitation and the remaining 15% by the oarbonatation process. 
Sugar factory filter presB>mud, a waste product whose disposal has still 
been a problem facing the manufacturers is obtained in both the processes, 
its yield in the sulphitation plants when wet being about 2*2% on cane 
while it is much higher (7*38%) in the carbonatation plants. Oarbona- 
tation press-mud containing a much larger amoimt of mineral matter 
particularly in the form of calcium carbonate can be used for certain 
purposes — ^for recovering lime by burning suitably in lime kilns, in the 
cement industry in place of lime -stone, or as a filter aid for use in alkaline 
media after burning off the organic matter under controlled conditions 
of combustion ; some of these aspects are being still looked into. Sulphi- 
tation press-mud containing on the other hand over 60-66% organic 
matter when dry has so far been attempted to be used in most unprofitable 
ways and there are cases reported where factories are even prepared to 
pay and get rid of the filter press-mud from their premises. Several 
uses to wluch it has so far been tried are — (i) as a fuel, (ii) as a manure 
used directly or after composting it with other organic waste materials 
so as to diminish the mineral matter in the final product and to increase 
the nitrogen content, (iii) as a source for cane wax. 

In spite of the large amount of combustible organic matter present, 
the first method has not been useful for industrial purposes mainly due 
to the presence in press-mud of large amounts of clinkering inorganic 
materials. The possibility of employing the other methods have been 
discussed in another paper already. The writer and his collaborators 
have however developed the following possible profitable avenues for the 
utilization of sugar factory press-mud and brief descriptions are given 
below. 


(i) For the manufacture of Activated Carbons. 

The consumption of activated carbons in India has so far been only 
in the neighbourhood of 2,000 tons (estimated) excluding the quantity 
that has bwn used in the indigenous gur industry, the only possible 
industries consiuning it having been oil refining, fine chemicals, pharma 
ceuticals, and aerated water syrup. Apart from the rapid development 
of some of these industries in India contributing to an increasing demand 
for activated decolorizing carbons, a large potential source for its consump- 
tion is the sugar industry itself. With attempts at improving the quality 
of white sugars, a carbon treatment at a suitable stage in the existing 
plants or after the sugar has been manufactured become essential and 
anywhere about 12,600-13,000 tons of good decolorizing carbons would be 
necessary to treat the whole of India’s total output of sugar by the sulphi- 
tation process only. If carbon treatment in white sugar manufeK^ture 
has not so far been widely introduced in India, it must be entirely attributed 
to the unduly high prices of the imported ccurbons on the market making 
their use uneconomic. Sugar factory press-mud containing the necessary 
activating chemicals already in situ offers a valuable source for the produc- 
tion of high quality decolorizing carbons and the 86,000-90,000 tons of 
dry press-mud from all the sulphitation factories can yield 14,000 to 15,000 
tons of carbon to satisfy the entire requirements of all industries. 

The process developed consists in igniting the press-mud out of 
contact of air at suitable temperature of the order of 800-900®C. and the 
ignited mass being cffterwards treated with suitable mineral acids 
or acidic gases to leach out all the mineral matter leaving the surface and 
the pores in the carbon open. The carbon^ obtained is well washed, 
dried, sized and is ready for use. It has been found that irrecfpective of 
the source of press-mud, the carbons are always highly active aj^ possess 
very good decolorizing powers towards vegetable offs, caramel and unpure 
sugar solutions. In their decolorizing properties, they compare favourably 
with even some of the high priced vegetable carbons in the market. 



(ii) For recovering Sulphur or manufacturing useful sulphur compounds, 

India imports annually about 29,000-30,000 tons of sulphur and 
several millions of rupees worth of sulphur compounds like sodium suI- 
phide, sodium thiosu5)hate, hydrosulphite, etc. Over a quarter of the 
sulphur imported is consumed in the Indian sugar industry, and most of 
it by the sulphitation factories. Although nearly 40-45% of the sulphur 
consumed either goes to waste or becomes irrecoverable, the rest of it 
(55-60%) x>asses into the sugar factory press-mud and is present in it in 
a combined condition either a^ stilphate or sulphite. Attempts have 
been made to recover the sulphur from the press-mud at an intermediate 
stage in carbon manufacture — from the ignited mass containing the 
sulphur in the form of sulphides and before these are decomposed by the 
action of acids to remove the mineral matter. Although the cost of 
recovered sulphur may be high when compared to the natural imported 
product during peace time, during times like the present when imported 
sulphur is scarce and is not available, the price of recovered sulphur would 
be competitive and the method appears feasible. During peace time 
however, instead of recovering the sulphur as such, it is preferable to 
convert all the sulphur present m a combined condition in press-mud 
into useful sulphur compounds like sodium sulphide, sodium thiosulphate, 
etc., from the sulphides present in the ignited mass. When these pro- 
cesses are carried out in conjimction with carbon manufacture and the 
products are obtained from the ignited press-mud before subjecting it 
to the final acid treatment, the overhead charges get distributed and 
both products become cheaper. There should be no difficulty in putting 
the products in the market at competitive prices. 

(iii) For the production of a Dye-stuff, 

Another important use to which sugar factory press-mud has recently 
been put is the manufacture of dyo -stuffs. In the process developed at 
Cawnpore, the press-mud is first treated with suitable mineral acids or 
acidic vapours and the organic matter carefully separated from the acid 
solution and washed free from acid. The mass obtained is treated with 
the necessary chemicals to obtam a dye of the sulphur class. As is 
common with the dyes of this group, the dye produced from press-mud 
dyes all vegetable fibres and is fast to an equal extent. The shades that 
can be obtained though normally chocolate can be varied to yield any- 
thing from chocolate to khaki, when necessary by having recourse to 
combination dyeing. 

A discussion on this paper was as follows : — 

Prof. P. S. Varma, Benares, wanted to know from Dr. A. N. Rao 
the comparative decolorizing powers cf the press-mud and other imjwjrted 
carbons if they have been determined. 

Dr. K. Ven^taraman, Bombay, said that from what is imderstood, 
press-mud contains mostly only organic substances with long open chains 
and the formation of sulphur dyes using compounds of this nature is not 
common. The manufacture of a dye-stuff from press-mud is therefore 
of more than passing interest and the subject should be investigated 
completely since even apart from the industrial value of the dye-stuff, 
its nature and the conditions under which it is produced would itself be 
interesting subjects for detailed investigation. 

Mr. N. L. Vidyarthi, Waltair, enquired that whenever decolorizing 
carbons aare used in sugar and other industries, if their use is to be economic, 
it should always be possible to revivify the carbons after use. I would 
lii» to know how far it has been possible to reactivate the press-mud 
carbons. 

Dr. M. N. Gloswami, Calcutta, said that if it is not a secret and if the 
information could be supplied, I would like to know how the sulphur 
dye-stuff can be product from press-mud. 



In reply to the above Dr. A. N. Rao said : 

The data of the decolorizing powers of press-mud and a few of the 
best activated carbons in the market are available not only with reference 
to caramel and molasses solutions but also vegetable oils. The limited 
time at my disposal during the presentation of the paper did not permit 
my projecting the data and Prof. P. S. Varma can get them from me 
any time he wants. 

In connection with Mr. Vidyarthi’s question, I wish to point out 
that the possibility of reactivation comes up only in industries where the 
quantities of carbon consumed are large since the cost of the revivification 
plant is invariably high. Sc far in India there have not been many 
uidustrial units consuming large quantities of carbons. Besides, press- 
mud carbons are cheap and it is difficult to say if much advantage could 
be secured by reactivation of these carbons in normal times. But I 
must however point out that these carbons can be reactivated and used 
thrice or sometimes even four times in the process. 

In connection with Dr. K. Venkataraman’s remarks, it must be 
pointed out that the chemistry of our dye heus not yet been investigated, 
and so far only its technology has been developed. I understand that 
even in the cases of some of the widely used sulphur dyes in the market, 
although their fundamental chemical nature is known, in most cases 
their technology has been developed more than their chemistry. In fact, 
the chemistry of sulphur dyes though it has attracted the wide attention of 
organic chemists, bias still been baffling them, particularly in cases like 
the present where the dye has been produced from waste materials. As 
regards its formation from open chain compoimds present in press-mud, 
I do not see why ring formation may not have taken place during its 
treatment with acids or acidic geises or during the formation of the 
dye-stuff. So far as we can say at the moment however, a useful dye-stuff 
can always be obtained from press-mud without any difficulty. From 
the reports of one of my textile friends, the dye although of the sulphur 
class does not answer the tests for most of the knoy^ substances. The 
detailed investigation of its chemistry and also whether it still contains 
the open chain may be carried out by any interested organic chemist. 

The details of the method for obtaining these dye-stuffs are soon 
being published and anybody interested may obtain the information. 

Finally, Dr. J. C. Ghosh enquired whether the press-mud carbons 
could be used for gas absorption and in other industries like cil refining. 
It was explained to him that these carbons are eminently suited for 
decolorizing vegetable oils but since they are fine and are probably not 
of very open structure, their use for gas absorption had not yet been 
investigated. 

4. Dn. H. D. Sen, Cawnpore. 


Some of the present day ’problems of the Sugar Industry, 

One of the main items of investigation, which required immediate 
solution at the Imperial Institute of Sugar Technology, was to find out 
all possible avenues for the utilization of molasses and^her waste products 
of the sugar industry. The Biochemical Section of the Institute not 
been lacking in attaining the object in view and is in possession of a good 
deal of information, not hitherto available, which may be of » service in 
initiating new industries in this country. 

A short rdsum4 of the researches carried out in the Biochemical 
Laboratories on the above subjects and also on other biochemical aspects, 
duri^ the last decade would not be out of place. As early as 19z4 in- 
vestigations were undertaken into the nature of unfeimentable sugars 
present in the spent wash. The reducing bodies were found to consist 
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of gaxas of ^alaotaniylan type and h«K» inoaMldB ^ ftnttmtation 
In 1936 complete analysis of typical samples of s u l ph i t ation, Oarboaation 
and refinery molasses from Indian sugar factories gave an In^ht into the 
exact nature of the impurities present and led to the formulation of a 
law by whiei the true purity of out^ing molasses may be eaaify deter- 

mined from the apparent gravity, punty and ash. , . 

The problem of the recovery of sugar from molasses by destroying 
the reducing sugars with a strain of invertase fiw Saoeharomycea 

MaU-jDuelauri, isolated from cider apple, was t^kl^ m the same yw. 
The particular yeast strain hod the property of dimmishmg the reduomg 
sugar content by 17-6 units and elevating the purity of molasses by 18-1 
luuts. After fermentation the molasses solution was sparkling in colour 
and devoid of most of the gummy and albuminous matter. The next 
operation consisted in precipitating sugar from its salts by the calcium 
saocharate process, giving a light coloured S 3 frup of as high a purity as 90% 
and the sugar obtained by crystallization, hav^ing a purity range between 
92-94%. The process is simple requiring a few fermenting vats and needs 
addifiion of a small refrigerating unit to the sugar factory. 


In the year 1936 a process was perfected for the treatment of sugar 
factory effluents based on the observation that a preliminary operation 
of fermentation of all the saccharine matter in the waste water was in- 


dispensable prior to any chemical treatment by blowing air vigorously 
in presence of a mixed bacteria, consisting of B. Colt, yeast, acetic, butyric, 
and lactic acid organisms, obtained by the self- fermentation of molasses 
as a black sludge from the condenser water tanks at the end of the cane 
season as starter. The next operation consisted in the flocculation of 
the colloids by adding milk of lime to pH 7*0 and finally oxidising any 
residual orgeuiic matter with potassium permanganate or E.C. The 
treatment brought down the oxygen absorbed value from as high as 64 
to 4-6, satisfying the Public Health requirements. The process is being 
adopted in sugar factories. The standard for the outgoing effluent after 
treatment has been fixed at a conference in consultation of the Provincial 
Hygiene Institute, U.P. and Department of Public Health and has been 
recently supported by a G.O. from the U.P. Government, restricting the 
letting out of foul water without treatment in rivers and canals, and 
ensuring frequent testing of the treated effluent water, according to the 
standards laid down. 


During 1937—40 a series of investigations was midertaken as regards 
the comparative efficiencies of direct apphcation of molasses in the soil 
or its application after conversion into manure by the biological method. 
The data collected indicate that retardation in plant growth takes place 
due to the accumulation of acids as a result of fermentation, no deleterious 
effect ^ing observed so long as the alkalinity of the soil can cope with 
the acidity produced, but depressant effect is invariably evidenced with 
increased application. The biological process consists in the fermentation 
of molasses with heavy aeration at the neutral point by intermittent 
addition of milk of lime or soda. The process was developed on the 
observation that fermentation under acid condition led to loss of nitrogen 
while imder neutral condition led to its conservation. The N content of 
molasses waa 0*25% whereas the N content of the manures prepared from 
molasses was ^ high as 1-6-2- 1 %. The manures consist of yeast, calcium 
salts of organic acids^ and nitrogenous decomposition products, all being 
good foods for the soil flora. The nitrogenous bodies are said to contain 
auxins, the important plant hormones. The cropping tests in randomized 
blocks have giv^ high crop yields with higher sugar content with much 
smaller applications of the concentrated zxjMiGmres per acre, 37*6— 7 mds. 
as oompai^ mth direct application of to the tune of 600 mds. 

of molasses with much less outturn. responife of the manures in 

alkaline soils has also been good, their appH<^tion leading to good growth 
in patches, where no crops will grow, indicating improvement in soil 
feitUity. 
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jQxperiments on cam dryage and preservation, carried out during 
193 ^ 38 , with thirte^ different cane varieties, indicated that the resistance 
to diyage varied with different species, some being more resistant than 
the other. The deterioration was mai^ bacterial, the bacterial count 
in the deteriorated cane increasing from 250 to 3,000 per c.c. during one 
month’s storage with remarkable predominance of B. Aceti, although 
there was appearanoe of PenieUlium Cflaucum on the cut ends. Keeping 
in the shade, Gp[>rmkling with water, or treatment with 1% boric acid 
had only p^ial effect of preventing deterioration. The process of 
windrowing, i.e., storing cane covered with earth, prevented deterioration 
to a remsfcrkable degree, the sugar content and juice quality remaining 
unaffected for one and half months. Windrowing as a means for pre- 
Berving cane has not been adapted an 3 rwhere, it being adapted so far for 
protecting cane temporarily from frost. It has got a great future and 
needs further to be investigated. 

An intensive study on the bacterial aspect of the keeping quality 
of Indian sugars has also been carried out. The researches have led to 
the isolation of a large number of moulds, mucors, yeasts and bacteria. 
The results indicate that the main factors responsible for the deterioration 
of Indian sugars are (1) layer of molasses film surrounding the sugar 
crystal, and (2) moisture. The deterioration starts with the advent of 
the rainy season when the molasses film attracts moisture and bacterial 
action sets in. During the early stages there is the appearance of mould, 
which reduce portion of the sugar into invert sugar. As the dilution 
increases, moulds disappear and the yeasts and bacteria predominate. 
The polarization diminishes further as a result of the action of both types 
of organisms but in case there is a predominance of non-inverting strains 
of yeast, as Sacc?uiromyces Octosporaus, there is observed an elevation 
in polarization due to the destruction of reducing sugars. The bacteria 
most frequently met with in contcuninated sugars are of the potato group 
and are gum forming, B, VtdgattM, B. Mes, FtJicu8t etc. Investigations 
on the effect of inoculating sterile sugars with the isola;^gd organisms show 
that the maximum deterioration is effected by some strains of AepergiUvs — 
A . Terras, A . jlavus, etc. The next in order is Sacch. Cerevicae and Mucors, 
like CunnighameUa Epiculatus, which is a soil orgcmism. The main 
attempt, therefore, should be to remove all possibilities of occurrence of 
moulds, which act even at a lower moisture content. It was observed 
that the safety factor, which depends on non-sugars and moisture, does 
not hold good and there is deterioration even when it is below 0-33, the 
recommended limit. It is thus indicated that although sugar should 
keep well if care is taken to keep the humid conditions of the godowns 
above the critical point (humidity 75%) one cannot be certain that the 
sugar will not deteriorate. There is possibility of the spores of moulds 
being carried through dust. Hence the immediate solution is to improve 
the sanitary conditions of the factory and attend to the cleanliness of the 
manufacturing plant and the factory well water. B. MegaHherium which 
18 a puss forming bacteria, was definitely isolated showing that the factory 
was using unclean water. The aim should be at the production of 
‘ bacteria-free * sugar. 

A study has also been made of the possibility of resinification of 
molasses with coal-tar and asphalt in presence of an alkali or acid catalyst 
for the preparation of a composition suitable for road surfacing, making 

of the property of the aldehydes and ketones in molasses to combine 
with the phenolic bodies in coal-tar and cobalt. The condition preli- 
minary to the resinification is to dehydrate xnolasses completely. The 
process has drawn the attention of scientists from different parts of the 
world and the success so far attained promises to have a great future, 
impositions of varying consistencies both of the acid and alkali resini- 
ncation have been tested in the Ordnance Laboratories, Cawnpore, aocord- 
mg to the British Stcuxdard Specifications and small scale road trials have 
itidioated the sustMiance of the road in fairly heavy traffic. Large scale 
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road trials in one of the busiest thoroughfares of CSawnpore is in progress. 
The importance of the invention cannot be ignored, for u pro successful, 
it will consume the whole of the output of molasses in India leeuling to 
the construction of appiozimate]f 7,000 miles of 21 broad road every year. 

Coming to the most important problem of utiliziog molasses for the 
manufacture of solvents an epitome of the activities in this direction 
may be given. The question of the manufacture of absolute alcohol 
was taken up as early as 1933, when different processes of dehydration 
were examined — lime pressure method, salt, azeotropic, glycerine, gypsum 
and aliunina processes. The discovery that fused potassium acetate gave 
an ideal dehydrating agent was established without any knowledge of the 
composition of the Hiag salt in the Biochemical Laboratories, and it may 
be (uaimed that this was the first observation. It transpired later on 
that Hiag was using a mixture of sodium and 'potassium acetates. Diffi- 
culty was later on experienced in reviving the spent salt by fusion at a 
high temperature, which led to the partial decomposition of the acetates 
giving potassium carbonate, acetone, carbon dioxide and acetic acid and 
led to crystallization in the Hiag column. A solution was found in using 
a mixture of potassium acetate and caustic potash, which prevented 
decomposition and lowered the fusion point of the salt, being easily 
soluble in alcohol. The salt mixture was patented in 1935. While the 
azeotropic process of Melle should be the best method for the dehydration 
of aJcohol it is handicapped by the limited supply of the entraining liquid, 
benzene, and its possible loss in tropical countries during the manufacturing 
operations. The improved salt process is safer to work since the de- 
hydrating salt can be obtained in any amount from acetic acid, the manu- 
facture of which by the fermentation process has been established by the 
recent researches carried out in the Biochemical Laboratories. 

An improved still was designed and patented, which ensures intensive 
rectification with dehydration and obviated ‘pocket formation’, as fre- 
quently observed in the Hiag still, in which every particle of alcoholic 
vapour is made to pass through the dehydrating mixture. The later 
developments in the designing of a large sized still, based on the laboratory 
apparatus, was made in collaboration of Mr. D. H. Dickson, the Chief 
Chemist and Manager of Rosa Distillery, U.P. 

In examining the possibility of the manufacture of glacial acetic 
acid from molasses a fair amount of success has been obtained. While 
there were apprehensions whether acetic acid of fermentation process 
can compete with products from wood distillation or synthetic methods, 
work done has established that fermentation can be effected in a week 
with the help of B, Acetic Hansen, pure cultures of which can easily be 
obtained from cane juice. The orgcmism thus isolated can be acclima- 
tized to molasses fermentation with ease. The average yield obtained 
from semi-large scale experiments comes to 331 lb. per ton of molcusses 
and the manufacturing cost 3^1 annas per lb. giving a return of the cost 
of molasses at 4 annas per md. In the above experiments glacial acetic 
acid was obtained via potassium or sodium acetate but recent researches 
have shown that concentration of dilute acetic acid can be effected directly 
by azeotropic distillation with such entraining liquids as ethyl acetate. 
Distillation in vacuo for the purpose of concentration is giving promising 
results. A sample of acetic acid made by the fermentation process has 
been reported to be suitable for the effective production of rayon silk 
by the cellulose acetate process. 

During 1936—40 the investigation on the isolation of a suitable 
organism for the manufacture of butyl alcohol and acetone from molasses 
was undertaken. A strain of Clostridium aeatobutylicum, isolated from 
barley, hM been acclimatized to molasses fermentation and gives an 
average yield of 10% acetone and 20% butyl alcohol on the total sugars 
in molasses. The practical 3delds, carried out in the semi-large scale, 
but in disconnected units, aire lower than this but it is computed that 
the manufacturing cost of mixed solvents comes to round about R8.2 per 
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g^on, while the ^re-war rates amount to Rb. 4 per gallon approximately, 
^ere are indications that the yield will increase, working with a Gom> 
plete unit, the construction of which is in contemplation. Expectations 
of higher yields of acetone and butyl alcohol have materialized in the 
recent observation that the organism has a great avidity for pentose 
sugars and admixture of extracts of bran has given satisfactory results. 
The examination and isolation of Clostridium acetoethylioum, producing 
only acetone and ethyl alcohol are also in hand. 

The conditions of high yeast yield from molasses have also been 
determined. There is indication that fermentation at the neutral point 
with vigorous aeration tends to increase the yield. A few strains of 
yeast, which are high yielders have been isolated and preserved. Yeast 
cakes, having good raising properties, have been prepared for bakeries, 
and for use as cattle fodder. Concentrated invertase solution, suitable 
for the manufacture of golden syrup, has been prepared from yeast 
(D.C.L.) fimd successfully tried at the Sugar Experimental Station, Bilari. 

The conditions for the conversion of starch into glucose, both by the 
chemical and biochemical processes, are being investigate and pure 
solid anhydrous glucose has been prepared. It is contemplated to add 
orgosterol or calciferol (irradiated ergosterol), prepared from yeast, in 
order to manufacture glucose D. In the biochemical process Aspergillus 
Orayzae has been employed for the preliminary sacchai^cation of starch. 
Should the biochemical process prove successful it will effect considerable 
economy in the manufacturing process. The problem was taken up 
since glucose, solid and liquid, is essential for the confectionery industry. 

In the present year the sugar industry is passing through a crisis, 
there being surplus stock of unsold sugeu* in every factory. This has led 
to the limitation in the quota of sugar-cane to be crushed, leaving a large 
amount of sugar-cane in the fields to be wasted. The storage of the standing 
crop till the next cane season is a serious problem and is not easy to be 
solved. With a heavy sugar production with no export facilities, such 
crisis is apt to recur again, for the total production of sugar from 150 su^ar 
factories in India cannot be used up possibly for intW*hal consumption 
only. During the war-time when the prices of all commodities have gone 
high, it is but natural to anticipate that the sugar consumption per capita 
wul go down. Therefore, more uses for sugar must be found. The 
production of high grade sugar by activated carbon treatment and manu- 
facture of confectionery are some of the methods of its solution since in 
that way more sugar may be brought in a presentable form to the con- 
sumers. It is expedient to divert a portion of cane for the manufacture 
of alcohol, vineg€ir, acetic acid, even acetone and butyl alcohol, directly 
from cane juice. In factories, having attached distilleries under its 
control, as in Shahjahanpur Sugar Factory, Bosa, it is usual tp manu- 
facture alcohol directly from cane juice or to use high test molasses (60 
purity) for its direct production with less yield of sugar. A suggestion 
18 that in the absence of distilleries the surplus cane juice may be utilized 
for the production of yeast, which will be of great use for feeding horses 
during war-time €md conversion of the fermented wa^ to acetic acid by 
B, Aceti and manufacture of acetone from calcium acetate. The next 
solution will be to convert the surplus juice into industrial alcohol and 
store it in store vats. It is a good sign that the Governments of U.P* and 
Bihax have recently laid down the legislation for the compulsory admixture 
of absolute alcohol with petrol for use as motor spirit. This will consume 
a portion of molasses and cannot be feasible unless legislation is made on 
an ^-India basis and compulsory admixture is promulgated all over 
India. Another method of utilization of molasses tor the production of 
industrial alcohol is to mix it with kerosene for use for lighting and heating 
purposes. Investigation on this point was carried out as early as 1935 
which led to the production of ‘alcocene oils* by admixture of various 
grades of kerosene with absolute alcohol with or without the addition of 
a homogenizer. 
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If the sugar indust^ is to stay it is essential that there should be 
more and more distilleries, producing various solvents, alcohol, acetone, 
butyl alcohol, acetic acid, since they form the basis for manufacturing 
varied chemicals, pharmaoeutioais, cosmetics, food products, plastics a^ 
rayon. 

The question and answer that followed are : 

Dr. J. C. Ghcsh, Bangalore, asked as to how far research on the pro- 
duction of butyl alcohol and acetone had proceeded at the Institute and 
what would be the probable cost of their manufacture. 

Dr. B. C. Guha, Calcutta, gave some information on the subject. 
He said that Dr. Sen and hm^lf had isolated a strain of Clostriditm 
ucetobutylicum as also other strains of Cloatridiim acetoeihylicum and 
Aeetohacier Xylinium which give varymg 3 rields of acetone, Wyl alcohol, 
etc. In the case of Clostridium aoeto^tylicum the yield obtained had 
been on the average, 10% acetone and 20% butyl alcohol on total sugars 
in molasses. 

Dr. H. p. Sen, Cawnpore, in reply to the above, said that the practical 
yields, carried out in semi-large scale but in disconnected units were lower 
than that but it was computed that the manufacturing cost of mixed 
solvents came to round about Rs.3 per gallon, while the pre-war rates 
amounted to Rs.4 per gallon, giving a return of 4 annas per md. of molasros 
to the sugar factories. There was every likelihood of a further economy 
being affected while working with a complete unit. 

Dr. J. N, Mukherjee, Calcutta, wanted to know from Dr. Sen when 
acetone and butyl alcohol could be got in quantities in India. He was not 
certain if there was even a single plant working at present. There was 
erected an acetone plant long time ago at NasUc. Wxy was that plant 
closed down ? Had it something to do with the organism ? 

Mr. J . P. Shukla, Cawnpore, said that they had foimd the optimiun 
conditions for the preservation of the particular strain of Clostridium isolated 
in their laboratory. It all depended on the culture of the most resisting 
types obtained by repeated shocking of the spores. The spores obtained 
after five or six transfers and three shockings give the best yield. Colstri- 
dium formed a group of organisms, which have heat resisting spores and if 
the mashes were not properly sterilized, the spores of other Colstridia 
survived. They developed and suppressed the growth of pure strain of 
Clostridium acetobutylicum and as a result lower yields were obtained. 
The closing down of the Nasik factory might have been due to likely 
contamination when handling large amount of mashes. 

Mr. N. L. Vidyarthy, Patna, wished to know from Dr, Sen whether the 
road surfacing material from molasses was insoluble and how its manu- 
facturing cost compared with road tar. 

Dr. H. Dj Sen wid that the resinified compound was fairly insoluble, 
the resinification being carried to a point when a ball immersed in water 
remained insoluble for 16 minutes. The manufacturing cost came to 
Rs.60 per ton whereas the road tar cost Rs.l60 per ton. 


VII. RECENT ADVANCES IN THE CHEMISTRY OF 
COUMARINS AND CHROMONES. 

Db. Mata Pbasad, Bombay, presided. 

Db. j. N. Ray, New Delhi. 

Furoooumarins. 

The first successful effort for the preparation of furocoumarins was 
that of Limaye, in which by the Fries migration 7-acyloxy coumarins 
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he prepared 8-aoyl-7-oxy coumarins which were transformed into furo- 
ooumarins after condensation with chloroacetic acid. The isomeric 

6- aoyl derivatives are usually formed in very small yield. Ray €uid 
collaborators prepared phenacyl derivatives or acetonyl derivatives of 

7 - hydroxy coumarins and cyclized these to linear furocoumarins, with 
traces of sodium ethoxide. 

Ray and collaborators have found that oi-chlororesacetophenone 
condeni^ with acetoacetic ester and other jS-ketonic esters to give 6- 
chloroaceto 7-hydroxy coumarins (with jS substituents). These easily 
cyclize with sodium acetate to related coumaranones. These condense 
with aoetone in dimethyl aniline solution in presence of a few drops of 
piperidine to give monomolecular condensation products of the t 3 rpe I. 
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CO 
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The substance I, R = CHj, can be reduced at the exo-eyclic double bond 
catalytically giving a homologue of oreoselone. Use of oxaloacetic ester 
has given I, R = COOEt, whence oreoselone is being prepared. 


2, Dr. R. C. Shah, Bombay. 


Synthesis of Coumarins, 

The following researches of the author and his collaborators were 
described : — 

( 1 ) The influence of the acyl groups, and carbethoxy group in the 

resorcinol and phloroglucinol nuclei on the Pechmann con- 
densation were studied, and hydroxy coumarin -carboxylic 
acids and hydroxy-acetyl coumarins synthesized. 

(2) The use of aluminium chloride, a new reagent for the Pechmann 

condensation, has yielded remarkable results, the most 
important being the formation of the hitherto unknown 
5 -hydroxy coumarins, which are now thus made readily 
available. 

(3) 2-Aldehydo-resorcinol-ketones and esters, obtained through 

the modified Gattermann reaction of Shah and Laiwalla, 
have been utilized for the synthesis of interesting 6 -hydroxy 
coumarin derivatives and furocoumarins. 

(4) The hitherto unknown 4 : 5 -dimethyl- 7 -hydroxy coumarin 

has been synthesized from p-orsellinic acid. 

(5) The Kostanecki acylation of orcacetophenone gives 4-acyl- 

methyl coumarins, instead of the expected chromones, 
probably due to the steric eflect of the 5 -methyl group. 
The formation of 4-acyl-mBthyl coumarins has been observ^ 
for the first time. A new and convenient technique has 
been developed for the stepwise elimination of o-acyl and 
c-acyl groups from o-aoyl-c-acyl coumarins and chromones. 
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(6) Pechmann condensation of ethyl a-resoroylate with acetoiwetic 
ester gives a 5 -hydroxy ooumarin derivative, while ot- 
resorcylic acid gives a chromone. oc-resorcylic acid ^d 
malic acid give a mixture of 6- and 7-hydbroxy coumarins. 
Thus the oc or 5 -substituent has a profound influence on the 
Pechmann condensation, probably due to steric effect. 
It is therefore inferred that the known anomalous behaviour 
of orcinol in Pechmium condensation is also due to steric 
effect. 

3. Db. P. K. Bose, Calcutta. 


Some recent work on natural fiavones, 

Flavones are a group of important colouring matters found in the 
plant kingdom, and of all natural pigments, they are the most widely dis- 
tributed in nature. The scientific investigation of these colouring matters 
dates from the patient study of quercetin and fisetin by Herzig (1884). 
The structure of fisetin was established in 1891 by Herzig and that of 
chrysin by von Kostanecki in 1893. From 1895 onwards a considerable 
number of yellow pigments has been examined, and many of these have 
been foxmd to belong to the flavone group of natural pigments. 

Chemically speaking, flavones are 2-phenylchromones having the 
basic ring system (I), and are related to other natural products such as 
flavonol (II), flavanone (III), isoflavone (IV) and anthocyanins. Al- 
though a large number of flavone derivatives is known to occur in plants, 
either in the free state or as glycosides, the parts which they play in plant 
metabolism or in nature’s economy are not definitely known. 
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Most of the natural flavones belong to the types (I) and (II). They 
are as a rule hydroxy derivatives or their methylated products. The 
number of such substituents in the phenyl residue does not exceed 3, 
whereas those in the benzopyrene nucleus may vary from 0 to 5. 

Some interesting and new types of flavones have been recently 
discovered. Thus the flavone of tangerine oranges, called tangerine, 
has been shown to be 3 : 5 : 6 : 7 : 4'-pentamethoxyflavone (Nelson, J • 
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Amer. Chem, 8oc,, 1934, 56, 1392; Goldsworthy and Robinson, J, Chem. 
Soc,f 1937, p. 46). The peels of Chinese mandarin (Citrus nobilis. Lour.) 
oontam nobiletin which is probably 6; 6: 7: 8; 3': 4'-hexainethoxyflavone. 
It is noteworthy that besides these two, no other fully methylated hydroxy- 
davones have as yet been found to occur in nature (Tseng, «/. Chem, 
Soc„ 1938, 1003; Tseng and Robinson, J, Chem, Soe,, 1938, p. 1004). 
Anhydroicaritin, the colouring matter of Epimedivm macranthum, hag 
been shown by Akai and Matsukawa (J. Pham, Soc. Japan, 1936, 65, 
706, 719) to have the structure (V). It contains a dihydroisoprene unit 
as a side chain, and the compound furnishes the solitary example of a 
^avone containing the modified isoprene imit. 


CHg . CH : CMea 
O 


HO; 


OH 


OMe 


OH CO 


(V) 


(OMe), • 


/ Noh 


\ 


OMe ® 


CO 
(VI) 


OH O 


HO," 


OH CO 


x_/ 

OH 


OH 


(VII) 


Of late, considerable amount of work has been done in India on natural 
havones, and some new types of flavones have been isolated and examined. 
Thus, to amarbelin, the colouring matter of C%bscuta reflexa, has been 
assigned the partial formula (VI) by Agarwal (J. Indian Chem, Soo,, 1936, 
13, 631). Seshadri and his co-workers have isolated from Indian cotton 
flowers, a yellow pigment, named herbacetin, which has been shown to 
possess the structure (VII) (Neelkantam and Seshadri, Proe, Indian Acad, 
Sci,, 1937, AS, 367 ; Goldsworthy and Robinson, J, Chem, 8oc,, 1938, p. 66). 

The root-bark of Oroxylum vndioum has been found to contain bai- 
calein and oroxylin-A, which is the 6-methyl derivative of baicalein 
(Vni) (Shah, Mehta and Wheeler, J, Chem, 8oe,, 1936, p. 691), whereas 
the stem -bark of the same plant contains, besides these two pigments, 
chrysin (Bose and Bhattacharya, J, Indian Chem, 8oc,, 1938, 15, 311), 
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Desai has proposed the structure (IX) for the flavone, which he has 
isolated from the powers of Thevetia neriifolia in the form of its gluooside 
{Proc. Nat. Inst. 8ci, Ind., 1939, 6, 261). ^ 

Tambulin, the pigment of Zanthoxylwm acanthopodium DC is a 
dihydroxy -trimethoxy flavone (Bose and Bose, J. Indian Chem. Soc.^ 
1939, 16, 183). Since dimethyltambulin has recently been found to be 
identical with pentamethylherbacetin, tambulin is (X). Of special 
interest are the colouring matters of Calycopteris florihunda and Blwmea 
erianthat named caly cop term and erianthin respectively. The former 
has, according to Shah, Venkataraman and Virkar (Proc. Indian Sci. 
Congress, 1941, Abs. p. 90), the structure (XI). The constitution (XII) 
hets been proposed for erianthin by Bose and Dutt (J. Indian Chem. Soc., 
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1940, 17, 46). These two compounds are derivatives of pentahydroxy- 
benzene, and the benzopyrene nuclei possess the maximum number of 
substituents, namely five. Gardenin, the pigment of Dikamalt gum 
(Ckirdenm lucida) has been examined by Bose and Nath (J. Indian Chem. 
Soc., 1938, 15, 139) who advanced two alternative formulae (XIII) or (XIV) 
for the flavone. The former structure is now preferred because one of 
the degradation products of gardenin, which is a quinone, has many 
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pomts of similarity with 2 ; 6 -dihydroxy quinone. It should be mentioned 
in this connection that erianthin and gardenin contain as many as seven 
substituents and with the exception of these two compounds, no other 
representatives of heptahydroxyflavones, whether natural or S 3 mthetic, 
are known. 
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Pongcmia glabra contains a furo-^vone named karanjin. It has been 
extensively investigated by Lixnaye and his oo>workers {Proe. Indian 
Sci. Otmgress, 1925, 118, cmd subsequent papers) as also by Manjunath 
et al {Ber., 1939, 72, 93) and by Bazi^swami and Seshadri {Proc. Indian, 
Acad. 8ci,, 1939, 9, 259). It has the formula (XV). GenWanin (XV) 
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has been synthesized by Mahal and Venkataraman (J. Ohem. 8oc., 1936, 
p. 569) and wogonin (XVII) by Shah, Mehta and Wheeler {J. Ohem. 8oe.^ 
1936, p. 1555). 

4. Dr. D. Chakravabti, Calcutta. 


Synthesis of coumarins and chromones. 

The limitations of Simonis’ reaction have been discussed, pointing 
out the generalization by Chakravarti regarding the formation of chromones 
by Simonis* reaction. The limited applicability of Kostanecki’s reaction, 
as studied by Heilbron, Chakravarti and others, has been briefly dealt 
with. Finally the method for the synthesis of coumarin, as developed by 
Chakravarti and co-workers, is fully discussed. Much stress has been laid 
on this new synthetic method and it has been pointed out that while the 
o-methoxy-aceto- or propiophenones on condensation with the a-halo- 
genated fatty esters according to Reformatsky’s method give rise to the 
iinsatmated esters, which are easily cyclized to coumarins by heating 
with hydriodic acid or keeping in the cold with concentrated sulphuric 
aoid, the o-methoxy -aldehydes, on the other hand, lead by the same series 
of reactions to o-coumaric acid derivatives, which defy cyclization to the 
coumarins. 


5. Dr. T. R. Seshadri, Waltair. 

Emphasized the importance of the naturally occurring codmarino- 
«-nd flavonofurans as drugs and as insecticides and indicated the division 
^f these and their derivatives into three groups, (1) 7-OH coumarin and 
7-OH flavones with venyl groups in the ortho position, (2) 7-OH oou- 
jn^ins and flavones with allyl groups in the ortho position, and (3) 7- 
IH coumarins and flavones with isoprenyl groups in the ortho positions. 
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Deeoribed a method of preparing the second type given above which may 
be r^resented as below : 
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Similar series have been obtained from 7-OH flavones. Indicated a method 
of comparing their toxic properties using fresh -water fish and the interest- 
ing features of the stpdy of the correlation of the toxic properties with 
chemical constitution. 

6. Dr. N. M. Shah, Ahmedabad. 


The rdle of oondeneing agents in ooumarin synthesis. 

The use of aluminium chloride in corimarin synthesis in changing 
the course of the Pechmann reaction was discussed. It gives otherwise 
inaccessible 5 -hydroxy coumarins; whereas other condensing agents give 
the usual 7-hydroxy coumarins. 

In this connection other condensing agents, viz. phosphorus oxychlo- 
ride, phosphorus pentoadde, and sulphuric acid, were discussed. 

'Ihe effect of a-substituent in the $ ketonic ester in the synthesis of 
coumarins was also referred. 

The condensation of 4-aoyl resorcinols which does not take place in 
presence of sulphuric acid is easily affected by aluminium chloride with 
the production of 6-hydroxy-6-acyl coumarins. This reaction has been 
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extended to various 4 -acyl resorcinols. The mechanism of the reaction 
was explained in terms of the chelation between — OH and — CO.R, 
which brings about the reactivity in the imusual y-position of resorcinol 
molecule. 


VIII. UTILIZATION OF INDIA’S MINERAL RESOURCES. 
(Sections of Geology^ and Geography and Geodesy,) 


Db. M. R. Sahni, Calcutta, presided. 

1. Db. J. a. Dunn, Calcutta. 

It is the work of the geologist to advise on the supply of minerals, 
and of the metallurgist, chemist and industrialist to advise on their 
utilization. 

India’s mineral resources, as in other countries, are not enormous, 
except in the case of iron-ore. Mistakes in mining and utilization have 
been made in the past in India, as in all other countries. It is part of 
the work of a Government official to reduce errors in the future. I shall 
discuss this subject as a series of recommendations. 

(1) All mineral rights should preferably be vested in Government. 
In zamindari land royalties and surface rents accrue to the zamindars. 
Frequently mineral rights in zamindari land are split into innumerable 
shares and resulting litigation often hinders mining. In zamindari land 
the incentive is often towards quick returns and cheap mining, with 
consequent loss of reserves and a brief life to the mine. On the other 
hand, excessive royalties may force miners into liquidation. 

Hence, from the point of view of the State, continuStion of the vesting 
of mineral rights in zamindars is not to the ultimate advantage of either 
future industrial development or the conservation of mineral resources 
within the State, 

(2) Government is entitled to an increased share in the profits from 
minerals in khas mahal land. The Provincial Governments obtain 
royalties and rents from the minerals mined; the Central Gk)vemment 
levy a tax on profits and on the wages and salaries of those engaged in 
the industry. The amoimts of the royalties and rents charged should 
depend on several factors ; the object, in principle, is to secure the maximum 
revenue to Government which will not, however, bear unduly heavily 
on the miner and prevent him from efficiently working the miner^ deposit. 
Early in the history of an industry the royalties should be low to encourage 
development, but once the industry is firmly established it is legitimate 
to raise them within reason. Increased royalties and rents help also to 
eliminate the inefficient miner with little capital, tend to conserve resources 
and reduce waste, and tend to reduce lease areas to a minimum and thus 
reduce damage of forests. 

(3) There should be some restriction in the granting of leases. The 
maximum value is obtained from minerals by manufacturing them into 
finished articles in India, rather than by exporting them. For example, 
1 would advocate reserving all the manganese deposits of Singhbhum 
and Orissa States for the iron and steel tr^e, as they are more accessible 
than the Central Provinces ores. In Singhbhum and Orissa States man- 
ganese leases should be granted preferably to steel companies or to such 
local users as manufacturers of dry batteries. Again, certain deposits 
should never be leased for mining. For example, the mining of deposits 
of float iron-ore, or iron-ore debris, destroys forest areas and does more 
damage than such ore is worth: there are enormous reserves of solid or 
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bedded iron-ores to which iron-ore mining should be restricted. Mining 
technique is better developed by large companies with plenty of capital than 
by small concerns with little financial backing ; in the interests of the best 
development of the country’s resources leases should preferentially bo given 
to large companies. Small concerns would still find scope in such resoui^s 
as road met^ and railway ballast, building stones and small gold veins. 
The mining of certain deposits may be even better held up for a while 
until related industries which can use the minerals in the country are 
developed. 

(4) The domestic treatment of India’s mineral raw materials should 
be expanded. To the rest of the world three Indian minerals are im- 
portant: mica, ilmenite and manganese. For these there is no large 
domestic market and export of them must^ continue. But every endeavour 
should be made to manufacture, in India, mioanite, titanium dioxide emd 
increased amounts of ferromanganese. Iron-ore resources in this country 
are so vast that export of this ore always will be advisable providing a 
market can be found. The development of industries from other minerals 
will depend on the market’s capacity to absorb the products and on cheap 
power. Industries tend to segregate in Bihar and Bengal. If other 
provinces wish to attract mineral industries they should endeavour to 
provide cheap power. Certain provinces have mineral resources, and are 
unable to compete with Bihar, but cheap power would encourage local 
manufacture. 

(5) Prospecting should be stimulated. The granting of a small 
bonus by Government for finding new deposits of commercial value 
might enooiuago a mineral sense amongst villagers. 

(6) The wider use of certain minerals should be investigated. Some 
examples — the manufacture of abrasives, mineral paints, mineral wool,, 
and s^phurie acid, of bichromate and ferro-clirome alloys from chromite, 
and vanadium alleys from vanadium deposits; the wider use of barytes, 
phosphates, bauxite, steatite, mineral waters, and sillimanite and kyanite. 

(7) Statistics of mineral production should be complete. Usually 
only those mines which come under the Mines Act submit returns of pro- 
duction. Small mines, particularly on zamindari land, usually submit 
no returns. It should be compulsory for all miners to submit returna 
annually to district officers in States and Provinces fdr them to be for- 
warded to a central body such as the Geological Survey. 

(8) A Bureau of Mineral Information should be established. It 
would be the centre for dissemination of information on minerals in India, 
smd would issue statistics and bulletins. It would have a small permanent 
staff, whose duty it would be to make a life study of Indian economic 
minerals. It could work within the building of the Geological Survey. 
It could even be the administrative body for a Mineral Research Labora- 
tory. 

(9) There should be closer co-operation between Government, In- 
dustrial and Uni^"e^sity geologists. Each has his own sphere of work, 
sometimes there is unnecessary overlapping, but each can give the other 
invaluable assistance, especicdly as there are so few geologists in India. 

2. Dr. S. K. Roy, Dhanbad. 

Though various branches of this subject namely ceramic research, 
fuel research, soil research, etc., are given prominence in the research 
fields of India, mineral research in general is not getting the necessary 
prominence. 

Mineral research can fall into the following three sub -heads: — 

(A) Mineral researches of immediate industrial importance. 

(B) Researches which are of no immediate industrial importance 

but the results are expected to be useful to the mineral 
industry in the near future. 

(C) Mineral researches of scientific and cultural importance. 
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A. 

Under the first group the following may be included: — 

(1) Researches on mineral paints — ochres, hematite, chromite, 

manganese ores, baryte, lead ores, silica, gypsum. 

(2) Researches on minerals used in the ceramic industries; glass 

semd and various glass batches; enamels, myolica, porcelain 
and earthenware manufacture. 

(3) Researches on Indieui refractories; China clay, ball clay, fire 

clay, graphite, silica, kyanite, bauxite, asbestos, zircon, 
chromite and magnesite; researches on the construction of 
ceramic crucibles and ceramic ovens. 

(4) Fuel research (coal and petroleum). 

(5) Standardization of lime. 

(6) Manufacture of sulphur from sulphur dioxide gas. 

(7) Researches on the marble and decorative stone resources. 

(8) Researches on minerals used in the Paper Industry. 

(9) Researches on the extraction of beryllium, aluminium, etc., by 

electrolysis. 

(10) Researches on the extraction of vanadium, tungsten, tantalum, 

cerium and other rare earths and their salts from their 
respective Indian ores. 

(11) Researches on mica and micanite; manufacture of motors and 

dynamos in India from Indian raw materials. 

(12) Rediscovery of the deposits of diamond, zinc ore, cobalt ore, 

and other minerals known to the ancients. 

(13) Soil research; soil profile; soil survey. 

(14) Researches on the metallurgy of Indian ores — bauxite, chromite, 

manganese ores, iron ores, copper ores, nickel ores,’ cobalt 
ores, bismuth ores, lead-silver ores. 

(15) Resurvey of the placer gold deposits accjording to the modem 

methods. 

(16) Research on the various properties and usea^of asbestos found 

in India. 

(17) Researches on salt and saltpetre deposits in India. 

(18) Investigation on mineral manures found in India; researches on 

the phosphate deposits and rocks rich in phosphorus found 
in India with a view to ascertain their values as manure; 
saltpetre deposits, etc., etc., etc. 

( 1 9) Researches on mineral abrasives. 

(20) Properties of Indian building materials — laterite, sandstone. 

limestone, marble, granite, basalt, gneiss, slate. 

B. 

(1) Geophysical researches; torsion balance survey of the Indo- 

Gangetic Plain for petroleum; radioactive survey for 
undergrotind water in Rajputana, etc. 

(2) Researches on the mineral and medicinal springs of India; 

r culioactive ' springs. 

(3) Reseajrches on the underground water resources of India, 

geological as well as geophysical. 

(4) Researches on the pebble and sand beds suitable for reinforced 

concrete work and road metal for heavy traffic. 

(6) Researches on clay beds — pipe clay, brick clay, etc. 

(6) Researches on the suitable sites for hydro-electric power station 
in our country, etc., etc., etc. 

C. 

(1) A systematic crystallographic study of the crystals of Indian 
minerals. 
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(2) A systematic study of the piezo -electric and pyro-eleotrio 

minerals found'in India. 

(3) A systematic chemical and physical study of the rooks of India. 

(4) A S3rstematic study of the Indian ore minerals imder ore 

microscope. 

(6) A systematic study of the Indian coals under the ore microscope. 

(6) History of Indian Mineral Industry as can be determined from 
Kautil 3 ra-artha-sa 8 tra, Ratnakaram, Manimala, Rasaratna 
Samuchaya, Aini Akbari, Hindu chemistry, and Tibetian 
Literature in which all our ancient literature has been 
translated, etc., as well as recent publications. 

3. Mb. N. N. Chatterjeb, Calcutta. 

Meaning and scope of * Utilization *. 

According to the author the underlying principle of ^proper utilization * 
should always be to take the country’s welfare and the toted ore reserve 
into account. Proper utilization of minerals should always be guided by 
the modem scientific knowledge. Simple production and consumption of 
minerals do not mean that efficient utilization has been effected. Sufficient 
importance should therefore be laid on limited mineral reserves and their 
proper and efficient utilization. 

To effect proper utilization the various physical and chemical 
characters of coed and other economic minerals should be definitely known. 

The author has reviewed the present-day conditions in India which 
he considers to be yet unheedthy and unfavourable for efficient utilization 
of economic minerteds. For example coal which was discovered in 1774 
is not properly utilized even now and the malpractices have often been 
criticized and condemned but with very little effect. Other examples 
may be cited. 

A national mineral policy wanted. 

In order to initiate emd encourage proper and heedthy development 
of mineral resources of this country the author suggests that India should 
have a national mineral policy and that there should be a central 
organization like the National Research Council of other countries The 
Government has recently started a Board of Scientific and Industrial 
Research as war-time measure to encourage development of industries in 
this country. The author suggested that this war-time industrial measure 
should ultimately be made permanent and should be based on national 
mineral policy. According to this policy the Government should continue 
to encourage further development of mineral industries giving due atten- 
tion to the aspect of proper utilization of raw materials and should assure 
help and protection to these industries during normal peace time against 
foreign competition. 

In order to initiate a series of investigations on coal and other economic 
minerals there should be under this Central Board of Scientific and 
Industrial Research two separate research stations, directly under the 
respective expert Boards, namely: — 

(i) Fuel Research Board, and 

(ii) Mineral Research Board. 

(i) Fud Besearch Board, 

As regards the constitution of these Boards it was suggested that 
non-official experts with sufficient experience should also be co-opted. 

The Fuel Research Station should be located at the Alipur Test House 
wheire necessary equipment and staff are already existing and further 

I 
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expanedon may be made at a moderate cost. Aasayrng and testing of 
various types of ooal on all its aspects should be carried in this laboratory. 
The author has suggested that the question of producing cheap gas and 
electrical power from low ^ade coals should now engage the attention of 
the industrialists in all senousness. This cheap gas may be easily trans- 
ported to some distance to supply the needs of various industries and 
gynthetic petrol plant may also be erected to obtain oil from water gas. 
As the advantages of pulverized coal firing of the low grade high volatile 
coals are already known, the ownera of the locomotives and other steam 
raising plants ediould start immediately to modify their boilers to feed 
pulverized coal. This will surely stop the wastage of the high grade 
metallurgical ooal. The question of improving the method of soft coke 
manufacture by introducing simple chamber ovens, with recovery of by- 
products, should not be put off any longer as it is already overdue. These 
are some of the importemt uses of coal, and steps should be taken by the 
State and the coal industry to give immediate effect to these applications 
which are expected to give longer lease of life to the ooal resources of 
India. 


(ii) Mineral Research Board. 

The Mineral Research Station should be allowed to develop in tho 
Geological Survey of India laboratory and the important properties of 
ore and gangue minerals should be studied in each individual case. 
Experiments should be conducted in each case to improve the economic 
minerals by methods of concentration, washing and purification, etc. 
Such information when published in the form of a cheap bulletin, will go 
a long way in helping the enterprisers in the respective lines. In order 
to tackle all sorts of problem, the present staff of the G.S.I. would seem 
to be inadequate and the Government may be moved to expand the 
department accordingly. 


State control necessary. 

In this way sufficient information and data would be forthcoming 
to guide the industry and the trade in the matter of proper and efficient 
utilization and educating them to avoid wanton wastage of mineral 
resources which are very limited in mcmy cases. Gkivemment should 
discourchge malpractices of utilization and in the matter of wastage it would 
be necessary for the State to intervene and stop it by law. The export 
of raw materials should be condemned and discouraged wherever possible 
and local industries should spring up under the care and protection of the 
State. Following examples may be cited: bauxite, ilmonite, manganese 
ore, etc. 


Central Marketing Board. 

There should be a permanent Central Marketing Board for the growth 
of the domestic industnes and this Board should be in consteuit touch with 
the Central Board of Scientific emd Industrial Research to chalk , out 
specifications and marketing possibilities. This Marketing Board should 
receive sympathy and support of the State. 


Condnaion. 


In conclusion it is hoped that the Government will give this discussion 
a careful consideration. A successful fimctioning of the scheme outlined 
above will effect proper uUlixaUon of the raw matericds which should be 
the underlying foimdation and structure upon which the development 
and growth of mineral industries will depend. This procedure wiU lead 
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to conservation of Xndis's mineral wealth for the welfiue of the present 
as wdl as the future generations. 

4. Db. H* K. Mxtba^ Jamshedpur. 

(1) The subject under discussion touches life at so many points that 
1 am not surpris^ at the manifestation of some uncommon phenomenon 
that we have witnessed this morning. For instance, we jSnd Dr. Dubey, 
a student of science, receding in the domain of politics and nuUdng the 
preposterous suggestion that we should do away with research in &dia. 
Dr. Dunn, the geologist, spoke almost like a socialist when he brought 
out his first three points, which sounded like an advocacy for nationalization 
of mineral wealth. It has been suggested by another speaker that what- 
ever mineral resources in India we cannot use in this country at the 
mmnent, i^ould preferably be exported. To even a casual observer, it 
is apparent that there is sometlmig radically wrong somewhere wMch 
makes it possible for many cf India’s vital mineral resources go out of 
the oount^ only to be returned in the form of finished goods. I wonder 
why instead of advocating the sending of raw materials away, the estab- 
lishinent of industries to utilize these resources is not suggested. It is 
apparent that we have to see that such resources are not exhausted by 
exporting them, otherwise when the necessary industries are establii^ed 
in this country, we will be threatened with shortage of the needed raw 
materials. We must therefore take immediate steps in a systematic 
way to prevent unnecessary exportation of these materials. This brings 
out the question of National Planning. We have no doubt that the 
National Planning Committee is devoting its attention to such problems. 
A previous speaker has suggested that the recommendations of this 
Committee cannot be given effect to till we get more power into our hands. 

1 adc 'Shall we sit with folded hands till the assumption of such powers ? * 

(2) With reference to ycur remarks, Mr. President, about the desir- 
ability of having a Mineral Research Organization started with the Labo- 
ratory of the Geological Survey of India at Calcutta, as a nucleus. I see 
no objection to such a proposal especially as we have such eminent persons 
who participated m this morning’s discussion in that laboratory. But 
I ask why they alone should have the monopoly of such research. You 
have mentioned, Mr. President, about the Batelle Memorial Institute 
and the Melon Institute of Industrial Research in U.S.A. — ^institutions 
which I had the opportunity of studying at close quarters several years 
ago. I may make mention of similar institutions like the Engineering 
Experiment Stations of the State-Aided Universities of U.S.A., which 
are engaged on work similar to what you are advocating. I do not see 
why the Benares Hindu University, or for that matter, the various univer- 
sities of India, cannot start simil^ institutions in this country to take 
up not only mineral research work but other similar work of industrial 
importance. 

(3) Let us not wait for the time when we will be in power to give 
effect to the recommendations of the National Planning Committee. 
It does not take much intelligence to understand what vital mineral 
resources should be conserved for our imznediate or future use. With 
the talents that are available in this ooimtiy, let us carry on necessary 
investigation work on these and other allied fields— in semi-plant scale, 
if necessary — ^in the many institutions that are already in existence in 
India. Al^ve all, let us work and right now. 

5. Mb. C. Mahadbvan and Mb. Sybd Kazim, Hyderabad-Deccan. 

In any scheme of planned industrialization the preliminary requisites 
are a thoiou|^ appreciation of the actual available mineral resources in 
different parts of the country. Basic, or key industries should be located 
at sites dbmrwmding best resources of raw materials and easy access to 
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iiaark6t8]» suoh indtutries should be complementary to one cmother and 
duplication dioidd be avoided. Tayng the present mineral production 
8iA a worldly baais, the country is divided into different units for cpecializa- 
tion in distinctive mdustries. Indiscriminate attempts to initiate industries 
on irrational methods is highly deprecated. Conservation of mineral 
resources to serve the country's growing industrial needs is considered 
an urgent necessity. 


6. Da. Kazi S. Ahmad, Aligarh. 

1 have heard very carefully the learned discourses of the preceding 
speakers. What is striking is that Very little has been said about hew far 
our mineral resources can be utilized to develop an industrial structure 
in this country to be able to compete with foreign competition. 

No attempt has been made to analyze the distribution of minerals 
in relation to the facilities for their utilization and exploitation. One 
should like to know how far their location is helpful to economic exploita- 
tion. It would be interesting to find how the difficulties in the way of 
their utilization can be overcome. 

An important question is how best India’s resources can be utilized 
to eliminate the foreign goods which take away a large amount of capital 
from this country which could better be utilized for the uplift of this 
ooimtry. 

Another question is to evolve a scheme by which the mineral corpora- 
tions, railways and manufacturing concerns could best co-operate for the 
eflacient utilization of the resources of this country. 

There is a large amount of dead capital in this coimtry. Means 
should be devised to attract this capital to help in the exploitation of our 
mineral resources and building up our mineral industries. 


7. Mr. K. N. Bh attach arya, Calcutta. 

1 agree with the previous learned speakers that for the advancement 
of learning and indu^ry research works are necessary but they should 
always be on genuine scientific spirit. I specially thank Dr. Fox for 
mentioning some difficulties in the field. 

Very often nowadays we come across geological and mineralo- 
gical articles published in popular daily newspapers, giving fantastic ideas 
regarding the prospecting of minerals and fancy imaginations of utilizing 
the probable mineral resources, which perhaps can never be exploited. 
These modem scientists think still in the claE^cal ways that Geology is a 
subject like German which is imderstood by a few. Some geologists 
think to-day of prospecting copper in the inaccessible peaks of the Hima- 
layas; perhaps his speculative research spirit will some day lead him to 
prospect gold from the alluvial soil of the Indo-Gangetic plain or to throw 
off the Deccan trap into the Arabian Sea to dig the Gondwcuia coal or 
to extract iron from dunite. 

These fantastic schemes are certainly misleading and the geologists 
as a class specially the professional ones suffer. For a first few occasions 
they may win popularity that may be cheap but that can never stand 
for long. 

Under these circumstances 1 request the Geology Section of the 
I.S.C. to see into the matter and enlighten the public in the subject and* 
3ave them from misleading conception cuid e±tra taxation in these hard 
days of war and economy. 
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IX. PRACTICAL STEPS TOWARDS THE IMPROVE. 
MEET OP MUSEUMS DT INDIA. 

{SeOiotu of Ckology, Anthropology and Botany.) 

Db. H. B. Sahni, Oalcutta, presided. 

1. Mb. L. S. Kbishnamubthy, Hyderabad-Deooan. 


Aima of Museum Organization. 

In India the maintenance of museums is limited to some of the 
Provincial Headquarters and Capital cities of the Indian States. This 
fact naturally limits the general utility and educative value of the museums 
to the fortunate few to whom it is in easy reach. The fundamental 
principles of museum organization should be to afford an easy access to 
all who seek it. Its aim should be of a comprehensive nature for practical 
suggestions on such subjects like agriculture, raw materials, mineral 
resources, trade possibilities, sanitation, education and public health, 
archaeology, arts and crafts. A separate section of the museum should 
be devoted to the economic utilization of local resources. 

Central Museum with co-ordinated smdUer Units. 

A central museum in the Provincial Headquarters would not be 
adequate. It should be co-ordinated with smaller units like the District 
and TahsU museums. The establishment of such museum units in each 
District, and preferably also in each Tahsil, would go a long way to make 
the museum organization more popular, ea^y accessible, instructive, and 
useful. A central Provincial or State Museum should not only include 
aU the exhibits of the District or Tahsil museum units, but also bring into 
its sphere such important themes of public interest as would affect the 
economic, civic, and educational advancement of the State or the Province 
as a whole. 


Technical Departments to be adequately represented. 

In addition to the maintenance of their respective comprehensive 
depeutmental museums, technical departments, like Geological Survey, 
Mmes, Archaeology, Agriculture, Commerce and Industries, and the 
University, should co-operate with the Central Museum. The full scope 
of the activities of each department should find adequate representation 
in a popular manner with suitable exhibits and proper charts to make the 
section interesting and easily imderstemdable by a layman. 


Scope of Museum. 

Each museum should represent mcunly indigenous products with 
very little devoted to foreign exhibits, unless the latter are needed 

for comparative study or for any other specific purpose. 

The eOQBomio exploitation of agricultural and forest products, 
mineral and other raw materials, should form an interesting and 

educath^ tliSim in the Museum technique. Not only the available raw 
materiill liieiild be exhibited, but also the finished products which could 
be and the by-products if any from the ref^ctive raw 

materials, Resources for either a cottage industry or for big scale 
mdustslei IfhCmld r^eive their legitimate representation. All information 
rege^KIPllg SOOnomic data with charts and suitable illustrations, cmd 
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marketing facilities should be furnished wherever possible in an easily 
available and popular digest* 


Administration of Museum Organization. 

The formation of the Central Museum with its respective District and 
Tahsil units, should be under the guidance of an active * Museum Advisory 
Committee’ in which all the major interests are represented by responsible 
men. The actual work of organization of the Museum should be in the 
charge of an officer who is familiar with up-to-date Museum technique 
and has studied many of the Indian and foreign museums and tl^ir 
working. 

The various District and Tahsil museum units should be under the 
supervision of the respective heads of the District or Tahsil, guided by 
the Museum Advisory Committee, with the Chief Museum Officer as its 
Secretary. 


Efforts to increase the Cultural and Educative Value of Museums. 

It may be pointed out that museums, as they are to-day, evoke 
very little of lively interest. They are like curiosity shops. People, 
when they visit a museum, ^neraUy come back not very much wiser. 
They see only a varied collection of extraordinary exhibits without being 
able to appreciate their real significance and value. 

A museum should be organized in such a way as to make it into a 
living institution, where people can really see thmgs in their proper per- 
spective and acquire desirable knowled^ of things around them. The 
educative side of the organization should be kept foremost to create an 
interest in the public, f^or this purpose, periodic demonstration lectures 
aided by motion pictures on the screen on various subjects of popular, 
scientific and economic interests should be actively pursued. This e^ould 
not be limited to the Central Museums, but also fomrafperiodic programme 
of the smaller units. 

Conclusion. 

In conclusion, it may be added that an active co-ordinated Museum 
Organization is an immediate necessity not only for its unmense educative 
value, but also for popularizing in a simple but efiective manner the 
economic, industrial, civic and cultural life of the coimtry. 

2. Mb. N. N. Chatterjeb, Calcutta. 

The following suggestions are made for improvement of the geology 
section of the Indian Museum, Calcutta: — 

Oround Floor : 

1. (a) In the Siwalik Gallery more pictures and restorations on 

evolution of animals in India should be displayed. 

(6) Restoration in clay models may be locally made imder the 
guidance and supervision of the Curator. 

(c) Brief explanatory notes should accompany such diagrams 

and restorations and their range should always be indicated 
in years. 

(d) It should also be clearly stated if the animals are still existing 

or have become extinct. 

(e) Distribution of land and water in India at different geological 

periods should be exhibited in coloured diagrams with £ort 
accoimt of geological history. 
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(f) Restorations of different ape men and primitive men dionld 
be exhibited' to supplement the useful ohart that has 
recently been display^ to show the evolution of man. 

2. There should be many pictures and photographs on various 
topics of physical geology, structural geology, mountain building, interior 
of the earth, etc. Some block diagrams if exhibited will be very useful 
to the visitors. 


3. Meteorites : 

(а) Indian falls should be plaoed in a separate glass case to create 

greater interest amongst the people. 

(б) A map of India showing the Ibcalities should also be prepared 

and placed here. 

(c) Weights of the meteorites should in all oases be given in 

Indian measure. 

(d) Foreign collection should find place in another glass case with 

a map of the world showing the localities. 

4. The existing specimens in the glass cases showing sedimentary. 
Igneous and metamorphic rocks are all foreign. They should be replac^ 
by Indian specimens as far as practicable. This step will help the younger 
generation to be more famili^ with the local roo& and minerals. The 
rock specimens should be arranged according to petrological clasi^cation 
and not according to stratigraphy. 

5. (a) An up-to-date mineral map of India on a large scale diould be 

picked in the Economic Mineral Gallery. 

(6) Provincial mineral maps should also be displayed as economic 
minerals of the provinces are now exhibited separately. 

(c) (^logical maps of separate provinces should be prepared and 
di^layed in their respective places. Maps of the Provinces 
should be on the same scale. 

6. (a) Indian stratigraphy has been split up and displayed according 

to Provinces. Geology knows no politick boundary and 
by the display of Indian stratigraphy in this artificial way 
the same rock types and specimens have in many cases 
been repeated and unnecessary duplication has thus been 
introduced and valuable space has b^n wa43ted. On account 
of this arrangement even the serious students of geology 
are confused to follow systematically the proper sequence of 
Indian stratigraphy. It is therefore highly desirable that 
the stratigraphy of India should be arranged according to 
different geological horizons. Separate facies of deposition 
during the past periods should also be given due importance. 
(6) Some clay reUef-models showing physical conditions of India 
during the past geological epochs will be very much 
appreciated by all classes of visitors. 


First Floor — Fossil OaUery : 

7. This gallery is the one which attracts very few people either literate 
or illiterate excepting of course the serious scientific workers. 

(a) The author likes to suggest that some diagrams and clay models 

demonstrating stories of evolution of plants and cmimals 
should be displayed in this gallery. The environmental 
physical features by diagrams and models would also be 
vary much appreciated by the visitors. 

(b) A brtsf geological history should be given in each case. 

(e) Before concluding the author would like to make spec^ 
reference to the wall cases and the fossil (E^pecimens therein. 
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The duplicate Bpeoimens for etorage may be removed from 
the wall oases and be housed in drawers elsewhere and 
specimens of interest should only be displayed here. The 
author suggests that the wall case shoidd be remodelled, 
reehelved and rearranged so that all the specimens may be 
well within the scope of examination by the Intereisted 
visitors. The galleries should be made accessible at the top. 
A balcony with railings should be provided for with smi^ 
stairs at each end. By this arrangement sufficient accom- 
modation will be available for exhibiting more specimens and 
restoration models. 

(d) A chart showing general classification of plant and animal 
fossils together with their range in geolo^cal time may be 
exhibited at a suitable place. Evolution charts when 
displayed will complete the equipment. 

8. Provineicd Muaeuma : 

In provincial museiuns the stratigpraphy of the particular Province 
should be exhibited in sufficient detaU. Economic mineral specimens 
and a mineral map of the Province on a large scale should find an important 
place there. This will infuse greater interest amongst the people of the 
Province. Diagrams, charts, models, etc., should be profusely displayed 
for the purpose of demonstrating various features of the Province. 

If the above suggestions are given favourable consideration by the 
authorities concerned the huge collection that is already in the Museum 
galleries will continue to serve its useful purpose and will sprecul and 
ffiffiise knowledge amongst all classes of visitors regarding India*s past 
geological history, thereby fulfilling the object for which museums are 
maintained by the public fund. 

3. Mu. A. G. Jhinguan, Calcutta. 

General, 

1. Each set of exhibits must bear a large label describing the main 
feature of the collection. Headings such as ‘The Economic Minerals of 
India*, ‘Agricultural Products of India*, etc., should be fixed at prominent 
places. 

2. Labels giving brief introduction to the subject pertaining to the 
exhibits in a gallery must be placed at the entrance to each gallery or a 
big section. For instance at the entrace to the fossil gallery there must 
be a label describing the term fossil and explaining how fossils are pre- 
served and what they mean to show. In the absence of such a label the 
entire fossil gallery means little to all but those few who have learnt 
something of Palaeontology. Similarly at the entrance to a gallery 
exhibiting the collection from Mohenjodmro excavations there ought to 

a label giving the location of Mohenjodaro and the significance of the 
collection, and so on. 

3. ']^e labels attached to the individual exhibits should, as far as 
possible, not consist of mere names but should describe the salient features, 
such as may excite interest and curiosity to know more. For example 
the label attached to the Egyptian Mummy must be detailed enough to 
explain what the exhibit is. 

4. The labels must, of course, not be written in English only. Indian 
^i^^guages should be given their due imp6rteuioe. In the Provincial 
Museums the respective provincial languages ought to be used, and in an 
All-India Museum attempt must be m^e to use three or four of the most 
oommon languages such as Hindi, Urdu and Tamil. Care must be taken 
that the translations rendered into these Indian languages are done 
precisely and also written correctly. 
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Geology Seetion. 

The following sets of exhibits should find a place in the Geological 
Section of the Museums. 

1. Set showing the minerals being raised in the respective provinces, 
thus the Museum in Lucknow ought to have a set of minerals being raised 
in the United Provinces, and the Museum in Nagpur ought to have a set 
of minerals being raised in the Central Provinces, and so on. 

2. Set of minerals being raised in India. 

3. Set of mineral raw-materials needed for some of the common 
industries such as (1) paints and varnishes, (2) cement, (8) pottery, (4) glass, 
(5) heavy chemicals, (6) iron and steel, (7) aluminium, (8) armament, etc. 

4. Set of minerals used for varipus industrial purposes such as 
(1) refractories, (2) adulterants, (3) paints, (4) insulators, (5) lubricants, 
etc. 

5. Set of minerals which are extremely valuable for the development 
of industries, but which are not found in India and which have got to be 
imported from abroad. In such a set the labels attached to the exhibits 
should describe the uses to which the pcurticular mineral is put, the ootmtry 
or countries from where the mineral is imported, the average amount of 
annual import, and if possible also indicate the places where the mineral 
is likely to be found in India. Such a set will give an impetus to pro- 
specting work for such minerals as are yet not reported to have been found 
in India in economically workable quantities. 

6. Graphical and pictorial charts showing the growth of mineral 
industry in the various provinces and the country in general. 

4. Mr. M. N. Basu, Calcutta. 

In proportion to its population India is still far behind the advanced 
countries of the world in Museum Institutions. The author is parti- 
cularly concerned with Bengal. Agriculture and Pisciculttue are the main 
industries of Bengal, which are being hurled into the abyss of destruction 
owing to the want of any proper knowledge of the thing. A museum will 
be of immense value to the people in general. 


X. STANDARDS OF AGRICULTURAL PRODUCTIVITY. 


(Section of Geography and Geodesy.) 

Dr. S. M. Tahir Bipri, Aligarh, presided. 

1. Mr. S. M. Ali, Aligarh. 

Standard of AgrictiUural Product^mty. 

When you describe an agrioultxural region do you build up some 
idea of how fertile or productive it is 7 

Or are you content to describe the type of farming practised, i.e. 
arable or gre^ss, dairying or beef, large or small holdings, and so on ? 

When you assert that a region is fertile, rich or productive, do you 
support your opinion by quoting any quantitative standards, e.g. high 
rents, land values, yields, etc. etc. I 

In the proipomd discussion it is contended that: 

(It) (SHnoe productivity vari^ widely from region to region it is 
desirable that some simple standard should be agreed upon 
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to facilitate deacription and comparison. (How do so 
many so-called productive regions compare? Is the Nile 
Valley as productive as the rice lands of Bengal ? Or Java 
as central Belgium ? 

(2) No satisfactory standard of this kind exists. 

The following questions were therefore raised : — 

(1) Is a numerical scale of productivity desirable ? 

(2) Which would have the greater utility for geographers, a scale 

of actual productivity or one of potential (natural) produc- 
tivity ? 

(3) Is either scale feasible ? 

(4) On what basis might a scale of actual productivity be evolved ? 
Other issues which arose were: — 

(1) Which is the more important in determining {no* ascertaining) 

actual productivity — 

natural fertility or intensity of cultivation ? 

(2) Suppose an area which is fortunate in its climate and soil 

proves to have the same Productivity Index as inferior 
land which has been much more intensely cultivated — ^Is 
the productivity scale nevertheless useful ? 

(3) Is it possible to visualize a scheme to show the * two dimensions* 

of productivity ? 


XI. PHYSIOGRAPHIC DIVISIONS OF INDIA. 

- ^ 

{Section of Geography and Geodesy.) 

Dr. S. H. Tahir Rizvi, Aligarh, presided. 


1. Dr. Kazi S. Ahmad, Aligarh. 

Dr. Pitha walla has divided India into three major physiographic 
divisions, forty -four physiographic provinces with twenty -nine sub-sections. 
The chief criterion claimed to be adopted is that the principal divisions 
are made according to geology and topography (rocks, drainage, etc.) as 
controlled by the internal and external agencies working on them. The 
findings of the allied sciences, such as Botany, Zoology, Meteorology, are 
considered while making sections and sub-sections of major divisions. 

Actually in his scheme of the physiographic provinoes this basis 
has not been consistently followed cmd physiographic homogeneity ofboi 
overlooked, for example the physionaphic province (1) V, the il^stem 
highlands, covers a huge area to incmde the old plateau and the newly 
folded ranges of Assam and the whole of Burma, large areas so much 
diversified in structure and land-forms. If such areas can fall under one 
province, the whole of India can as well make one physiographic region. 
The criterion for the physiographic province,(2) IV, Upper-G^^es Valleyw 
^d (2) V, Middle-Ganges Valley, is climate, irrigation, and cultivation, 
^e redone have not been properly differentiated, located, and defined, 
n^iddle Himala 3 ^s province (1) II swings round to the north-west 
of India to include N.W.F.P, and Upper-Ganges Valley province is mostly 
located over the Ghaggar plain. Even some terms are not properly used. 
Kashmir Valley has been called a Dun Valley. 
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When the physiographio redone are carefully examined one fails 
to note much uniformity in their claBsifioations except in a few cases. 
What is striking is a lack of unity in their individual entity. To be exact 
the scheme is examined below, division by division and province by 
province : — 

The fundamental division of India into three parts, (1) Extra- 
Peninsular, (2) Indo-Gangetio Plain, and (3) the Peninsular area may be 
geologically correct but is not desirable from the physiographic point of 
view CUB the peninsular area includes two quite different regions, Coastal 
lowlands and Deccan plateau. 

Division (1), Extra-Peninsular. ^ 

Province I. The sections A and B are not clearly and correctly defined. 

What is meant by anticlinorium valley ? 

The classification of the Himalayas is not correct. The name 
* Southern Himalayas' is given to an area which, according to his own 
terminology, lies to the north of the * middle Himalayas'. 

Province 11, sections A and B. By what he calls ‘The Northern 
Himalayan Section' he means the axis of the great or main Himalayan 
Bange, as shown by the peaks named. It is composed mostly of crys- 
talline and metamorphic rock -granites and schists, of tinfossiliferous 
sedimentary beds, believed to be principally of palaeozoic age. It does 
not consist of highly fossilifer ous sedimentary rocks . This is characteristic 
of the Tibetan section lying to the north of the main Himalayan Range. 

The area put imder section B, the southern Himalayan section, is not 
clearly intelligible. 

Province III, section B. Kashmir Valley is not a Dun Valley, 
The position of the Dehra Dun is not relatively the same as that of the 
Kashmir Valley. 

Section C. The name * Himalayas proper’ is not a proper choice. 
Perhaps the author means the lesser or lower Himalayan ranges lying to 
the south of the main Himalayan Range, which seldom rise much above^ 
12,000 ft. to 26,000 ft. An emphasis on snow-line at 1 6,000 ft. may give 
a wrong conception of their height. 

Province IV. The Potwar region is not properly demart^ated. It 
is shown to extend eastwards across the Salt Range. 

It is mistake to group it with the Swaliks. As shown on the map 
it is not a continuation of the Swalik section further west. The Swaliks 
are continued up to Indus and even beyond it. The Potwar region lies 
to the south of them and is different in conformation. The Swalik hills 
are not flat and not so low as only 300 to 500 ft. high. Their average 
height is 3,000 to 4,000 ft. 

Province V. As mentioned above, under province V have been 
included large areas much varied in structure and land-forms. It is 
difficult to tod any basis of unity in this extensive area to be combined 
into one physiographic region. 

Division (2), Indo-Oangetio Plain, 

Province I, section A. This section as shown on the map is too 
broad. A more or less similar type of region in the north-east of the 
Punjab has been neglected cdtogether. D^t soil is not characteristic 
of this section alone. The whole of the Indo-Gangetio Plain has drift 
soil. In what respects have the sand-belts or clay -belts been called rich T 

Section C. Many and frequent hydrographical ohmiges' are un- 
necessary cej^etiiion. 

Provhihe m# sections A and B. The boundaries of Pat and Thar 
section Minlxe further explanation. 



Part IV — Digciunom. 


73 


Provinoo IV, sections A and B. The boundaries are not coj^rect. 

Section A is supjposed to be Ganges- Jumna Doab but on the map it 
includes a large portion of the Ghaggar plain and has not the proper 
orientation. Similarly Pohikhand section (section B) is wrongly shown. 

The difference between these two sections is just that of a few inches 
of raii^all which is not sufficient bcuBis for division in such a generalized 
scheme as it is. Even much greater variations have been neglected. For 
example, the next region (2) V, middle Gemges Valley, extends across a 
much wider range of rainfall without its being further sub-divided. 

Province V, middle Gkmges Valley. It cannot be said for the whole 
of this region as demarcated that rice is more important than wheat. 

Province VI, section C. The Damodar Valley is not in section C 
but in B. The boundary between section B, the old delta, and section 
C, the new delta, is not correct. 

Dwt&ion (J), the Pemnaular area. 

Province I, section B. It is not proper to call this Aravalli region as 
plain. 

Section 0. This section is shown on the map to extend eastwards, 
south of U.P. up to Bihar. So it is not desirable to put it under the general 
he€bding of Bajputana and uplands. 

Province II, section B. The Western Ghats should not be confined 
to the region of the Deccan Lavas. 

Section G. It is not proper to make an absolute statement that 
* Bombay Deccan is thinly populated’. It is only relatively true. 

Section D. Gujarat does not largely consist of the shore focii of 
the Western Ghats. 

Province III, north-east foreland. The choice of the name ‘ foreland ’ 
is not a happy one, as this region has not separately functioned as 
foreland. It includes coaatland and his emphasis is on river basins which 
cannot be called forelands. - ^ 

Section C. It is not correct to confine the Eastern Ghats to the small 
area shown on the map. 

Province IV. This province is entitled ‘the southern plateau ’ but 
includes coastal lowlands. 

Section A. It is not correct to say of Malabar as an alluvial plain. 
It may be pointed out that imder province II, section E, he has referred 
Konkan as a plain of marine denudation. 

It will be seen that the above criticism deals mostly with some 
mistakes of facts which have cropped up in the attempt to define the 
regions. It is difficult to improve on them as such. 

The speaker then submitted an entirely new scheme. 


2. Mr. George Kxtbiyan, Madras. 

Prof. Pithawalla has in his paper suggested a division of India into 
physiographic regions and has added that these physiographic regions 
should form the basis for further regional study. Dr. Ahmed has given 
an elaborate destructive criticism of Prof. Pithawalla’s divisions so that 
there is absolutely no need for me to take up any more time on that 
score and Dr. A hm ed has given us, according to himself, * a very simple 
scheme i^tead*. I for myself am not quite prepared to agrqe that the 
scheme given by Dr. Ahmed is either simple or a distinct improvement on 
that of its pr^ecessor. If Prof. Pithawalla is criticized for 44 sub- 
regions, Dr. Ahm^’s scheme, 1 wish to point out, does not fiir short 
of 36 1 And this is certainly not a distinct advance. 

The main purpose of our discxissions to-day is to find out Vfwrii 
of a classification of India into natural regions. * Man made divliioioril 
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for poUtica.1 and adminigtfrative purpoM must occupy a most important 
place, but they can only be apprais^ in relation to entities, which, whOe 
they represent real distinctions, have not been deliberately created by 
man. The term natural is notoriously difficult to define, but is clearly 
opposed to political. ’ In our study of r^ions, we are concerned with the 
interaction between the physical and biological conditions on the one 
hand and the nature of the human re^onse on the other and an attempt 
must be made to facilitate Such studies in Indian g^graphy. 

Several factors have necessarily got to be chosen in effecting a division 
of India. Physiographic regions are admittedly important in that they 
are more or less permanent, but nevertheless they cannot in themselves 
be complete. 

A major region like India is necesaari|y constituted by a harmonious 
but complex combination of many different elements, but the smaller 
regions within it are generally distinguished by the prevalence of some 
particular characters, revealing thus a concept of variety within unity. 
In a large country like India, it would perhaps be impossible to choose 
factors which have a universal application, but imderstanding is more 
important than classification. 

I would like to suggest that geographic entities should be used as 
political provinces and our criteria then should be such that their location 
on the ground is not rendered particularly difficult. At the same time, 
such factors as languages, are fundamental. Linguistic affinities are 
more important than communal and I am availing of this opportunity 
to appeal to the members to construct detailed linguistic maps of India. 
Almost similar is the question of racial affinities, but the results could 
not be mapped so easily. 

3. Mb. Nafis Ahmad, Calcutta. 

The scheme of the physiographic divisions of India as suggested b> 
Mr. Pithawalla seems far from satisfckctory. Firstly, a division of India 
on merely physiographic basis seems to leewi the geographer towards a 
multiplicity of subdivisions largely based upon structure, and secondly, 
such potent infiuences as climatic, human, and cultural occupy a minor 
place in determining the geographical values of areas. 

Dr. K. S. Ahmed's scheme as discussed by him is definitely an im- 
provement on Hr. Pithawalla’s attempt, but as he himself confessed it 
falls short of meeting a geographer's demand for describmg the essential 
geographical potential of regions. 

Mr. Kuriyan suggested to stick to a scheme of natural regions. And 
in addition made a plea for further fragmentation on linguistic and racial 
basis. Such a suggestion, to my mind, makes confusion worse confounded. 
The development of India in future will conform, and must, to a pattern 
of unity rather than isolation^ The natural resources of areas according 
to their worth based upon structure, physiography, climate and hiunan 
values will play their part towards common progress. If at all, a scheme 
of geographical regions sounds better. Why choose unhappy terms 
which lead to unnecessary controversy ? 


4. Mb. K. KuuLEtATNAM, Ceylon. 

After the learned criticisms and remarks I have heard to-day of 
Prof. Pithawalla's pioneer attempt at a division of India into Physiographic 
Divisions,! feel that Dr. PithBwalla should be congratulated for attempting 
a^ very difficult task,^ particularly as he has to deal with a region of con- 
tinental dimensions like India, with a complexity and variety of geographic 
factors. However much we may differ from Dr. Pithawalla, our difference 
T should think is only with regard to details, and in this we may weD 
a^ee to disagree. I incline to his fundamental basis of division, 
viz. a division based on geomorphological considerations. Physioffraphic 
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Division bets in the ultimate to rest on geomorphology» for the phyno> 
graphy of a region is the result of the mutual interaction of geological 
history, composition, structure and climate. But -it is unfortunate that 
after starting from this scientific stemdpoint he has shown a tendency to 
deviate from it in his further subdivision of the Major Divisions into 
Provinces and Sections, as when he introduces questions of soil fertility 
and crop variety as criteria. However, I feel confident that Prof. Pitha- 
walla will deem it fit to revise his scheme in the light of these criticisms 
and give to geographers a much-needed division of India into Physio- 
graphic Units. I shall conclude by thanking Prof. Pithawalla for initiating 
this valuable discussion. 


XII. ENVIRONMENT AND DISTRIBUTION OF POPULA- 
TION IN INDIA. 


(Section of Geography and Geodesy.) 

Dn. S. M. Tahib Rizvi, Aligarh, presided. 

1. Mr. Gborob Kubiyan, Madras. 

Dr. Ahmed has given us some basic facts linking population with 
environment. However, he seems to think that the seasonal rhythm and 
the religious sanction could in themselves accoimt for the high density 
of population in India. But equally well it should be borne in mind 
that India has been peopled from very ancient times. Parts of the earth 
where settled populations have lived from times immemorial, generally 
have a tendency to show a high density of population, e.g. China and India. 
The low density of population in the U.S.A. cannot be accounted for l\v 
Its poverty in resources, but is due to its recent history, 

I do not agree with Dr. Ahmed when he says that a larger density of 
population will be found when there is a change in environment. Many 
examples to the contrary can be cited. 

Dr. Ahmed again suggested that the ubiquity of water supply explains 
the high density of population in Bengal. In parts of Bengal, the real 
f)roblem is the superabundance of water and the lower density in such 
regions are mainly as a consequence of it. It is not merely the ubiquity 
of the water supply that is important, more so is the tyx)e of food. Wheat 
and rice are the two staple cereals of India, and rice can always support 
a higher density of population per unit area. It is probably the rice 
cifiture coupled with the wealth of fish which definitely accoimt for the 
higher density in Bengal. Dr. Ahmed again states that the density of 
population b^rs ewi inverse ratio to the thickness of vegetation. Ob- 
viously this is an overstatement, because as otherwise, the arid deserts 
should have the highest density of population. Within certain well- 
defined types of vegetation, the law laid down may be true, but I feel 
the exceptions are so numerous that it is better not to enunciate the main 
proposition. 

It has also been suggested by Dr. Ahmed that excessiye division 
of property heus resulted in a nucleated village. To my mind, this process 
IS not easily comprehensible. Nucleated villages arise from diverse 
reasons, e.g. the need for protection; the settlements around a temple, 
mosque or church, the settlements around cm irrigation tank, etc. I 
therefore suggest that even if there Vas primogeniture, nucleation Mght 
still be found t , 
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2* Mb. B. Vabadabaja Iitbngab, Bangalore. 

The population in parts of India is dense because India is peopled 
from aneient times. 

The density of population m the rice-growing countries is very high 
because rice cultivation requires constant attention and a large numl^ 
of field labour; whereas for wheat cultivation the attention need not 
be so regular nor the number of labourers required is so great. Hence, 
it is not merely the food value of rice that contributes to the higher density 
but also its estivation. 


xm. THE CURRICULA FOR B.So. (Hons.) EXAMINA- 
TION IN THE VARIOUS INDIAN UNIVERSITIES; 
THEIR ADEQUACY OR OTHERWISE FOR FIT- 
TING GRADUATES TO UNDERTAKE RESEARCH 
WORK. 

(Section of Botany.) 

Db. S. Kan JAN, Allahabad, presided. 


1. Mr. P. Pabua, Cuttack, opened the discussion. 


/Some Defects in the Honours Curricula in the Indian Universities, 

In opening the discussion the speaker said that there is a variety of 
curricula in the Indian universities, resulting in varying standards. In 
most universities the student has to study three subjects, two of which 
are subsidiary. The Boards of Studies in the subsidiary as well as the 
Honours subjects go on adding to the syllabuses in these subjects with the 
advancement of sciences. These additions make the courses very heavy 
for the students. 

Another defect is that in some imiversities the three-year Honours 
Course runs side by side with Pciss Course. The Pass student gets his 
degree in two years while the Honours student has to wait three years 
before he gets his degree. As graduation is a basic qualification for most 
employments, students prefer Pass to Honours Course. 

These defects can be remedied firstly, by adopting the Honours School 
system of the Panjab University inasmuch as making all candidates 
for the M.Sc. to go through the Honours School. Secondly, the Honours 
student should study only two subjects, namely, the Honours subject as 
the main one and another allied subject as the subsidiary subject. 

If the teachers assembled come to a measure of agreement, a suggestion 
may be made to the universities for recasting their curricula. 


2. Pbo7. Y. Bhababwaja, Benares. 

There are two things which have struck me, and 1 think they should 
be decided first. Firstly, the standard of qualifications of a student for 
joining the Intermediate Course and, secondly, the standard of efficiency 
that a student is required to possess after passing the M.Sc. Examination. 
If we can settle these two points, we shall be able to make proper adjust- 
ment of the Courses of Studies for the various examinations. In some 
univeraities there is a two-year B.So. Course and a two-year M.Sc. Course 
in which there may or may not be a provision for research work in lieu 
of or bearing marks equivalent to those of a written paper. In other 
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tmiversities there is, besides a B.Sc. Pass Course of two years*^ duratiou, 
a B.Sc. Honours Course of three years’ duration. A student who passes 
such a B.Sc. Honours Course has to put in research work for one year only 
for getting the M.Sc. degree. Thus, in one case we have no or very little 
research work at the M.Sc. stage while in the other the M.Sc. degree is 
wholly by research. We have therefore to decide whether it is advisable 
to have compulsory research work during the M.Sc. Course or to allow 
research work only after the M.Sc. stage. This will naturally depend 
upon the standard of B.Sc. Pass and B.Sc. Honours Courses. 

I have a feeling that early specialization is a very dangerous practice, 
and on the basis of my teaching experience of more than two decades, 
I dare say that in most cases the students after passing their B.Sc. Exami> 
nation are not in a position to select a subject for research by themselves, 
as they do not know which of the subjects would suit them well. Under 
these circumstances they go by the advice of the teacher under whose 
direct injduence they happen to come, emd this often results in their taking 
up the subject of the teacher concerned. They have had absolutely 
no special training at the B.Sc. stage for the subject which they are 
obliged to take up for research for their M.Sc. degree. Whether it is B.Sc. 
Pass Course of two years’ duration or B.Sc. Honours Course of three years’ 
duration, our standard is certainly lower than that of the English uni- 
versities, such as the London University, and unless Botany is started at 
the secondary education stage and brought up to much higher standards 
for the Matriculation and the Intermediate Examinations, it would not 
be possible to raise our B.Sc. standard and consequently advisable to 
have the M.Sc. Examination by research only, for research work should 
be taken up only after a student has achieved a considerable proficiency 
in the various branches of Botany and is able to find out for himself 
which of the subjects suits him b^. No doubt, there is a great craze 
for research nowadays, and several young teachers amongst us are 
actually exploiting, so to say, the young students by putting them to 
research work at a stage when they neither possess sufficient proficiency 
in the theoretical and practical knowledge of the 'Various aspects of the 
subject, nor the fundamentals of the technique of research. WTiat kind 
of general botanists or researchers would they ultimately turn out can 
very well be imagined. So, this question of compulsory research work 
has to be decided as to whether it should be taken up during the M.Sc. 
Course or after that in view of the existing curricula for the various 
examinations. 


3. Mb. G. Ahmad, Lyallpur. 

if our aim is to prepare students for higher research in Economic 
Botany, we must include Physical Chemistry, Organic Chemistry, Mathe- 
matics, Cytology, etc., as a part of preliminary training diiring the B.Sc. 
Courses along with higher Botany Courses. For this purpose, we should 
adapt American system, say University of California curriculum necessary 
for the eligibility to work for M.Sc. or Ph.D, degree should be taken as 
our ideal. I am sure, by following this system, we will give better training 
fco our future research workers in India. 

4. Dr. F. R. Bhabucha, Bombay. 

In standardizing the curricula in Botany of different universities two 
points must be borne in mind : t 

(1) That we should diminish the* morphological, anatomical, 

embryological and such old parts of the subject and introduce 
in greater and greater measure the more recent subjects 
like Physiology, Genetics, Ecology, Biometry, etc. 

(2) We should make M.Sc. compuUory by exami/naium. The first 

research degree should be the Ph.D. If this is followed 
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then the studentB will get two years of training in the methods 
of research and expand their store of knowled^ by study 
on other correlate subjects. At present the researon 
student for M.So. gets no time to read anything beyond 
on his own tiny problem of research and consequently is a 
very poor product. 

6. Db. Bawa K. Singh, Patna. 

1 suggest that the following points should be considered:-^ 

(1) The time or duration of course for the Pass and the Honours 

B.Sc. Examinations. 

I should suggest the j>eriod should be the same. 

(2) Research , — Whether research should be allowed at the M.Sc. 

stage or at the post-M.Sc. stage is an important point in 
view of the recent advances m^e m sciences. The subject 
of research is intimately connected with the B.Sc. Course. 

6. Mb. V. S. Bao, Bombay, 

l^e special paper should be omitted at the B.Sc. (Hons.) stage, and 
it should be made compulsory that the student learns the research technique 
employed in the various pL^t groups, and not merely in one. This is 
because the methods are widely different for various pl^t groups. Some 
other important items to be made compulsory are photomicrography, 
spectroscopy, and biochemical methods. The student should be capable 
of handling any research problem by himself, at least as regards the 
methods. 


XIV. WORK OF THE BOTANICAL SURVEY OF INDIA: 
WHAT BOTANICAL SECTION OF THE INDIAN 
SCIENCE CONGRESS COULD DO TO ADVANCE 
IT. 

(Section of Botany.) 

Pbof. B. Sahni, Lucknow, presided. 


Pbof. S. P. Aohabkab, Calcutta, opened the discussion. 

Prof. Agharkar dealt with the subject from the following points of 
view: — 

(1) How did Botanical Survey originate? 

(2) How is it working ? 

(3) What is the work it has done and is doing 7 

(4) What should be its work in future ? 

1. Pbof* Y. Bhabapwaja* Benares. 

It is a fact that the scope of the work of the Botanical Survey of 
India tea not been extended to that extent to which our Sub-Continent 
requires. It is very poorly staffed. There is only one officer in the 
Hidiaa £4st# and he is in charge of the Industrial Section. Besides the 
Curator of the Herbarium and a Systematic Assistant, there is no other 
meaohar on the botanical staff of this Department. This is recdly very 
ffiss^pointing. There should be a number of persons on the staff of the 
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Botanical Survey, and these peanoTis should be aet apart for different 
sections of Botany, such as Algae, Fungi, Liverworts, Mosses, Ferns, and 
go on. In the past attention hl^ only l^n paid to the Angiocperms, and 
prctotically nothing has been done with regard to the identification and 
study of the Gr^togams. Without the Cryptogams no herbarium 
can be considered to be complete or representative of the plants of a 
country. During my European travels I found that in all State Gardens 
and Herbaria there were es^rts in various brcmches of Botany. Even 
for the Herbarium of the Royal Botanic Gardens at Kew there is an 
algologist to study the algae, and also experts in various other branches 
of the subject, ^ere is thus an urgent necessity of increasing the staff 
of the Botanical Survey of India. 

There i^ould also be co-operation between the Botanical Survey of 
India and the Universities. We have now several Botany teachers in 
the Universities who are not only properly trained to do identification 
work but are experts in their own lines, and if the Government of India 
could grant some money to the Universities for the study of local floras, 
much work can be done in the way of making the Sibpur Herbarium 
representative of the various types of plants of the different provinces. 

I would also support the establiimment of an Advisory Committee 
for the Botanical Survey of India to advise this Department in regard 
to its working. This Committee should consist of representatives &om 
the Botanical Siirvey of India, the Indian Science Congress, the Indian 
Botanical Society and the Universities doing post-graduate work in Botany. 
The Advisory Committee should again be split up into several Sub- 
committees, consisting of 3 to 5 persons, pertaining to the various Sections 
of Botany, such as Algae, Fungi, Liverworts, Mosses, Pteridophytes, 
G 3 rmno 8 perm 8 and Angiosperms. 

The (Jovemment should recdize the necessity of expanding the 
Botanical Survey of India without any further delay, for it is only by 
proper identification and study of all kinds of plants that we shall be 
able to explore the possibilities of utilizing the resources of the country 
for its welfare, both economic and industrial. A-osnsus of all types of 
plants in the various provinces is urgently needed for the revision of the 
existing Provincial Floras and also for writing floras of unexplored regiiuis. 

Tl^ Government of India should be approached with a request to 
do the needful in the matter soon, eis it affects the future welfare and 
prosperity of our country. 


2. PnoF. B. C. Kundu, Calcutta. 

The speaker fully agreed with what Prof. Agharkar has said in 
connection with the formation of an Advisory Body to help in the work 
of the Boteuiical Survey of India. In this connection the speaker 
added that there should be arrangement for the lending out of specimens, 
including types, etc., if that is not possible, duplicates, to all bona fide 
Ind^n workers, so that they could work out these things and publish 
their results independently ; thus, in this way local flora can be worked 
out. 


3. Pbop. S. Sahpath, Benares. 

It is suggested that — 

(1) The universities be given a subvention and eqicouraged to 

keep herbaria of local floras. ' 

(2) That adequate collections of Indian flora be available in at 

least three centres in India. 

(3) In the central coUeotion flora of countries adjacent to India 

be represented adequately. 

(4) That the t 3 rpe specimens be not lent out, but only the duplicates. 
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The Chairman fuimned up the remarks of the various speakers 
and dually requested Prof* S. P. Agharkar to wind up the disousslon and 
ntiake practical proposals. 

Prof. S. P. Agharkar then winding up the discussion moved the follow^ 
ing resolution, which was unemimously passed : — 

* Resolved that a Committee consisting of Prof. S. P. Agharkar, 
Prof. B. Sahni and Prof. P. Parija, with Prof. Agharkar as Convener be 
appointed to represent to the Government of India the necessity of the 
creation of an Advisory Board including representatives of the Botanical 
Survey, the Indian Universities, the Lidian Science Congress and the 
TtiHtRn Botanical Society in connection with the Botanical Survey of India. 

The functions of this Board should include determination of the 
general policy of the Botanical Survey and the allocation of funds for 
exploration purposes.* 


XV. NITROGEN FIXATION IN THE SOIL. 

{Sections of Botany y Agriculture and Chemistry,) 

Db. N. R. Dsab, Allahabad, presided. 

Rao Bahadur B. Viswanath, New Delhi, opened the discussion. 

1. Dr. Shbi Rah JAN, Allahabad. 

The discussion on the nitrogen fixation in soils may be divided up 
into three parts as follows; — 

(1) The rdle of the leguminous plants. 

(2) The r61e of non-leguminous plants. 

(3) The r61e of light. 

In this discussion the rdle of light or the photochemical fixation of 
Nitrogen in soils will only be dealt. Allen m Hawaii, Sarkaria and 
Fazaluddin in the Punjab, Carbet in England and Dhar at Allahabad have 
shown that photochemical action plays an important part in the 
nitrification of soils. According to Dhar the soil cicts as a catalytic agent. 
Many mineral substances like tit€bnia, zinc oxide, alumina, etc., havec^n 
found to act as a photocatalyst. 

Bhattacharya and Ran j an have shown that when molcusses are 
added to soils the total nitrogen content increases. *01118 they confirm 
the results of Dhar to some extent. They have also shown that the 
unsterilized molassed soils show greater value for total nitrogen over the 
sterilized ones, with the same amount of molasses, when exposed to 
sunlight. But when the molassed soils are sterilized, no change in the 
total nitrogen is noticed for the first 16 days, when exposed to light. 
Tniereafter, for 15 days there is a rise and then the total nitrogen again 
becomes constant. Ranjan and Basu in an unpublished paper have 
deduced that the rise of total nitrogen ctnd amino-acid nitrogen in the 
day may be due to the formation of the amino -acids from the energy 
derived by the oxidation of glucose. This rise of total nitrogen they were 
able to get even in darkness by injecting glucose solution in the leaf. 
After the injection glucose enters the leaf cells and causes an increased 
rei^iration. The ener^ thus released is utilized in the endoenergetic 
reaction of the synthesis of proteins. 

These results can be usefully applied in the interpretation of the 
results dealing ydth the nitrification in soils. Both farmyard manure and 
molasses contain a considerable quantity of carbohydrates. So when 
these substances are added to the soils, oxidation of the carbohydrates 
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takes place. The agencies responsible for this oxidation are the soil 
micro-organisms on the one hand and light on the other. It is obvious 
that unsterilized soils do contain plenty of micro -organisms which oxidize 
the carbohydrates. In-vitro experiments by Dhar and in-vivo by Banjan 
have shown that oxidation and respiration respectively increase in li^t. 
Thus one may conclude that by the photo -oxidation of the carbohydrates 
present in the soils, energy is set free, which then is utilized in the fixation 
of atmospheric nitrogen. Probably the soil structure also plays an 
important peurt in such a synthesis, for in the first step of the reaction 
probably the soil colloids adsorb the atmospheric nitrogen. The nitrogen 
thus adktrbed round the soil particle, then reacts by the help of the 
energy released in photo -oxidation of the glucose, to form compounds of a 
higher energy content. 


2. Db. N. B. Dhab, Allahabad. 


Experiments carried on at Allahabad show that energy materials 
like carbohydrates, celluloses, oils, fats, etc., when added to the soil are 
responsible for fixation of nitrogen. The fixation of nitrogen in light is 
more than double that in the dark although the number of Azotobacters in 
light is much less than in the dark. There is also considerable N fixation 
even under completely sterile conditions and these energy materials are 
mixed with sterile soils or surfaces like Oxides of Iron, Zn, Mn, Silica, 
etc. In sterile conditions also there is more N fixation in light than in 
the dark. 

Like electrical energy chemical energy may be used in N fixation. 
The energy of oxidation of carbohydrates, fats, etc. is very much greater 
than the energy necessary for nitrogen fixation, and that is why N &cation 
takes place in the dark. But when light, either natural or artificial, is 
applied and the soil renewed by cultivation, the light is absorbed and this 
absorption of light leads to increased N fixation. 

From careful experiments it has been conclu4i^ that N fixation 
can take place under completely sterile conditions when an energy material 
is allowed to oxidize in a surface and the weight of N fixation under 
sterile conditions is the same as under misterile conditions with the same 
energy material. 

It is computed that 36 billion kilograms (seers) of cellulosic materials 
like leaves, hay, plant residues, etc. are added to the soil every year. 
On a moderate estimate of 10 mgm. of nitrogen fixation per gm. of 
carbon oxidized, about 13,000,000 tons of nitrogen are added every year 
to the earth. 


3. Mb. U. N. Mahida, Bombay. 

4. Mb. Bama Nagina Singh, Benares. 

Biological agencies regarding the question of nitrogen fixation 
should not be ignored though the physico-chemical and chemical aspects 
are (hawing greater attention. The r61e of blue-green algae in nitrogen 
fixation should not be lost sight of when dealing with the problem. Out 
of the results of the experiments carried out by the author it has been 
concluded that greatest amoimt of nitrogen is fix^ by Auloeirafertilisaima 
Ohose, growing commonly in paddy-field soils of Northern India. 
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XVI. POSITION OF SYSTEMATieS IN APPLIED 
ZOOLOGY AND ENTOMOLOGY. 

(Section of Entomology and Zoology.) 

Mb. D. Mukbbji, Calcutta, presided. 

1. Dr. T. V. Bamaebishna Ayyar, Coimbatore, opened the 
discussion. 

Systematics in relation to Agricultural Zoology, 

Biological studies on all organisms, whether plant or animal, are 
generally considered under three convenient categories: (a) General or 
Pure studies under which are included Morphological, Phyaiologiccd, 
Embryological and Ecological features; (6) Economic, including the 
studies of the different characters of organisms which bear some relation 
to the material needs of man and the methods of utilizing our knowledge 
of such characters in that direction; (c) Taxonomic or Systematic stuches 
comprising the correct recognition of all organisms without mistaking 
one for the other, their proper baptism accord!^ to the structural pecu- 
liarities they possess and~ their scientific ckissification into recognizable 
groups and sub-groups according to some generally accepted standards — 
such as phyla, cla^s, orders, families, genera and species. Under ordinary 
circumstances every worker on any animal or plant has to be conversant 
with the fundamental facts connected with all these three aspects to get 
complete and clear ideas of the organism he is studying; and this was more 
or less the nature of the work done by early naturalists who were morpho- 
logists, physiologists, taxonomists and even economic zoologists combined. 
But as years passed on, workers increcused and our knowledge of the 
different aspects of organisms increased so much that it became impossible 
for one individual to carry on all these studies comprehensively; and 
naturally workers began to specialize in particular branches of biological 
studies. Thus we have to-day experts who have made intensive studies 
in each of these aspects of biology and who have become authorities on 
their chosen branches of biological studies. But unfortunately nowadays, 
as specialization and research in special problems rapidly advance, whi^e 
we have a good many men who realize the great need for co-operation 
among workers on different branches of the subject of biology, we occasion- 
ally come across narrow minded individuals exMbiting superiority complex 
and who have, not only no regard for any other subject than their own, 
but even belittle the value of the many allied branches of study I In 
the words of Riley 'such i scientist who tries to build a wall against what 
be regards as rival subjects will only succeed in ensuring himself against 
recognition of himself by others’. It is gratifying to note, however, 
that all this snobbery and mutual bickerings are gr^ually disappearmg. 
Speaking of the inter-relations of these SMgpeCts I may ^ excused if I 
repeat what I said in my presidential s4l^ess to the Agricultural Section 
at Lahore two years ago, with special reference to Economic Entomology 
and Systematics. Wldle 1 yield to none in my sincere appreciation of 
the great importance of the work of the economic entomologist or in my 
disapproval of the cheap sneer of calling Applied Entomology a ‘mere 
bunme of methods’, as one of my old bosses used to do with all the 
afitection of a step-mother, 1 may be allowed to point out that there is a 
deplorable tendency in some quarters to belittk the value of work in 
the general or systematic as^cte of Entomology on the score that such 
work may not 1^ of immedmte economic importance; such an attitude 
on the part of one who professes to be a scientist cannot be sufficiently 
deijrecated; but imfortunately this spirit is prevalent even among some 

6b 
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of the present'day experts in different institutions. 1 might stAte without 
fear of contradiction that no entomological work of an applied nature 
can progress on correct lines without the sure foundation of sufficient 
studies on the ^neral and systmx^tic aspects of the science. 1 would 
invite the attention of such short-sighted persons to the opinions of some 
eminent zoologists. *It is the systematist, * says Prof. Pearl of Johns 
Hopkins Univ^tjr, ‘who has furnished the bricks with which the whole 
structure of biolo^cal knowledge has been reared; without his labours 
the facts of organic evolution could scarcely have been perceivecU and 
it is he who to-day really sets the basic problems for the geneticist and 
the student of experimental evolution.* And in the woi^ of Gahan, 

* without the fundamental work of the taxonomist, the great mine of 
entomological literature would not exist and the accumulation of know- 
ledge would be largely limited to what one could only personally observe 
and remember *. The first real economic entomologists were predominantly 
morphological and syirtematic entomologists, and without a thorough 
knowledge of the relations, habits, and method of identification of each 
insect we have to deal with, it will be not only difficult to proceed, but 
the task might be found risky and affecting the reputation of the applied 
entomologists. I would therefore invite the attention of future workers 
in Economic Entomology in India to bear in mind the well-known fact 
that systematic studies are the fundamental basis of practically all Applied 
Biology. Discrimination between species is the starting point of the 
majority of our biological problems, and ignorance of and indifference to 
this fact has invalidated many items of biological work in the past. 1 
would invite the attention of workers who have still any doubts as to the 
excellent summary on this subject by Prof. Ferris :* Taxonomy or Systematic 
Biology is a serious attempt to discover, to describe and to arrange the 
facts of nature that have to do with the number, the characters and the 
relationships of all those indefinable groups of individuals that we speak 
of as species and to present these facts in as clear, as definite and as under- 
standable a manner as may be in order that they may become available 
to all students of biology in whatever field they may be engaged. It of 
necessity involves the study of morphology and anatomy. It may utilize 
the methods of the gervetidst. It may call often upon the physiologist 
and even in extremity upon the chemist for aid in solving its problems. 
As thus defined it undoubtedly involves far more than mcuiy systematists 
will be prepared to admit. As an independent field of investigation 
it can throw much light on the question of what happens to species after 
they have once become established. The whole great series of problems 
involved in the question of geographical distribution with the attendant 
conclusions and speculations as to places of origin and roads of dispersal 
of species and la^r groups is approachable only by the systematist. 
Palaeontology is but little more than pure systematic biology, and what- 
ever its contributions to scientific theory may be, they are the contributions 
primarily of systematists. The ever-fascinating problems connected 
with the study of ancient man and of human origins are essentially 
Othing more than problems in systematic mammalogy. Whether the 
**Piltdown man” was a man Or merely a ohimpcmzee, the place of Java 
man in eyolutionoy theory, these are nothing more than problems of the 
systematist working as a physical emthropologist. Aside from these 
independent contributions to biological theo^, systematic studies are 
the fundamental basis of praotioaUy aU applied biology and of a large 
part of the remainder.’ 

A few words on the position of 83 rBtematio work dope in India, 
confining myself to Entomology may not be out of place here. Early 
^ork on Insects in India was mostly and necessarily of a systematic 
^ture as may be seen from the numerous papers of pioneer workers like 
Westwood, Woodmason, De Nieeville, Bingham, Cameron, Hampson 
and a host of others and applied Entomologists of to-day owe a great 
deal to these early systematists for laying the real foiin^tions for all 
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aspects of Entomological .work in India. Even in spite of such heAp 
early workers in Economic Entomology like Lefroy and Fletcher had to 
carry on their work with some insects without knowing their identity 
and by calling them by numbers like convicts, policemen or railway 
trains! The Fauna of India series on Indian animals has rendered 
yeoman service to economic zoologists in India and it is gratifjdng to 
note that we have now over 40 volumes of this series dealing with insects; 
but it is needless to add that this has only touched the fringe of the 
very rich insect fauna of this large country. One important thing I 
would like to emphasize in this connection is that for the identifications 
of our insects we have been depending on experts in Europe and America 
for the past many years and it is deplorable that we have not as yet 
produced sufficient number of specialists who could help in identifying our 
insects properly cmd readily without the abnormal delay always experienced 
in getti^ our insect specimens identified from abroad — not to speak of 
the occasional losses of our parcels containing rare insects! In the 
Fauna series on insects, we have but one or two examples of Indians 
who are authors of these volumes on Indian insects. It is a pity ! It is 
therefore highly necessary that we should have more workera on different 
groups who can help economic zoologists to get their organisms properly 
identified. In my opinion in the field of Systematic Entomology there 
is particular need for specialists in such groups as Hymenoptera, Diptera, 
Coleoptera, etc., which include several insects which render help to man 
as beneficial insects. 


Db. M. a. H. Qadbi, Aligarh. 

The position of systematica in the study of animals is determined by 
the rdle that systematic Zoology plays in animal studies. Apart from 
the correct identification of the animal which distinguishes it from the 
other it gives us a correct lead to the study of its morphology and physiology 
and finally to its relationship which is of paramount importance in deter- 
mining its behaviour €tnd ecology. The systematics is, therefore, a first 
step in the study of any animal problem pure or applied. 


3. Dr. P. Sbn, Calcutta. 

The systematic works are no longer looked upon as dealing with 
purely philosophical aspects of Biology. Although the main concern of a 
83 rBtematist is to determine and classify species, our progress on applied 
biology practically depends on the contributidns based on systematics. 
Without the proper nomenclature and means of identifying, it is impossible 
to correlate our knowledge on a particular species. 

In Economic Entomology, the position of systematics is very high» 
for unless we can name correctly an insect which is found to be of economic 
importance and be able to distinguish it from allied forms, no quarantine 
or control measures can be adopted against it. In order to effectively 
control an insect pest we must know its taxonomy and know exactly 
what we have to deal with. The measures suitable for one species may 
not be app^cable in the case of another, however closely related they 
may be. For instance, we know that cmly a few amon^ the various 
species of mosquitoes present in a country are carrier of diseases, and 
ii^ess we know how to distinguish these few mosquitoes and know against 
which the control measures have to be directed we would be wasting 
ener^ and hxjge finance in controlling every conceivable species. 

O^e biological control of insect pests also depends to a great extent 
on the work of the systematists as this means utilization of certcun parasites 
or predators against the pests concerned. On the proper id^tification of 
the parasites the whole structure of biological method of pest control is 
bas^. It is therefore clearly evident that for a successful tackUng of an 
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insect problem the biological knowledge of the two groups of wdrkers^ the 
systematists and the economic entomologists must ^ co-ordinated. 


4. Db. K. B. Lal, New Delhi. 

Systematic entomology arose originally as a matter of human 
convenience; later, it developed the elucidation of the relationship and 
ancestry of the animal forms as its motif, and lastly, it has now become 
important in connection with work on animals of economic Importance. 
But perhaps in no group of the animal kingdom has systematic study 
assumed such great significance in relation to applied work as in 
entomology. The increasing attention now being paid to the study of 
insect pests and to the methods of combating them makes their correct 
identification the first essential preliminary of work. Many insects are 
now being shown to be different in their habits and life-hii^ry though 
identical in their morphology cuid it is obviously important to distinguMfa 
these forms, one of which may be very injurious and the other quite 
harmless. The study of the relationship of parasites to their hosts has 
brought out the necessity of accurate determinations of the identity of 
both, in order that the value or potentialities of any parasite in a given 
area may be correctly assessed. Recent ecological studies on insects have 
shown that many species assume different forms under different environ- 
mental conditions and if confusion in nomenclature is to be avoided and 
the economic entomologist is to hold fast to his work on any useful or 
injurious species, systematic work must limit the range of categories 
(genera, species, etc.) and define their stable characteristics clearly. 

Much valuable information on a pest may be thrown in doubt by its 
incorrect, vag^e or insufficient identification. Such, for instance, has 
been the case with the cotton jassid, Empocisca dematam Distant in India. 
Eeurly information on this insect, in all probability, is given imder ^leaf 
hoppers’, *E. gosaypiV, ‘ Empoaaca sp.*, etc. In Britain, two well-known 
pests of apple, Hyponomeuta padeUa Linn, and PayOm mali Schmbg., have 
been discovered to have morphologically identical forms on hawthorn but 
the habits of the latter are so different from those that live on apple that 
their presence has been considered to constitute no danger to the apple 
orchards (Thorpe 1930, Lai 1934). The knowledge of this fact shoffid 
save the apple growers all the efforts and expense of controlling ’these 
pests* on hawthorn. The well-known parasite of the spotted boll-worms 
of cotton in India, Microhracon lefroyi D. and S., and of the predators of 
the lac insect, M, greeni Ashm., have now been shown to be identical in 
morphology and, therefore, conspecific, but in view of their habits, forming 
two biological races. This fact has opened interesting possibilities in the 
exchange of hosts in the breeding of these parasites for purposes of control. 
The Braconid, Microbrcuion hebetor Say, has been recently reported to be 
full of possibilities for the control of the predators of the lac insect and it 
has be^me important to collect information about its biology and hosts. 
There is a strong suspicion that much of this information is given under 

brevicornia Wesmael, a very closely allied species, in fact so closely 
allied that it has been considered by many as synonymous with hebetor. 
The correct identity of these two parasites should therefore, throw much 
interesting light on their biology and host relationships. Perhaps the 
most outstanding example of this kind is that of the locuste whose different 
phases were known as so many species till Uvarov’s theory of phases in 
locusts became established. , 

A word has to be added about the scope and nature of systematic 
entomology itself. Although all taxonomic groupings have to be done 
on the basis of adult morphological characters which are more or less 
stable, considerations of biology, hosts, habits and habitats, not only of 
the adults but also of the inunature stages, must play a part in confirming or 
correcting doubtful evidence of morj^ology. Without this consideration. 
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flystematio entomology must remain divorced from all contact with 
eaid all understanding of the living insect. This view recognises that a 
competent systematist diould also be a field worker and his work is best 
done in proximity to the environments where his insects live and breed* 


5. Db. C. F. C. Bbbsok, Dehra Dun. 

Dr. Beeson drew attention to the facilities for systematic work in 
Zoology and Entomology in India and asked that full use should be made 
of these resources in routine identifications and monographing of new 
material by more extensive co-operation between workers. 


6. J. 0. M. Gabdneb, Dehra Dun. 

It is not advisable entirely to abolish the practice of taking full 
advantage of the assistance of foreign specialists by sending them 
specimens for identification. What should be aimed at is the building 
up of authoritatively named collections in India. As progress is made 
dependence on foreign specialists will correspondingly decrease. At 
present a great weakness is the poor quality (by modem standards) of 
much past work and the absolute necessity of comparison with Types by 
competent workers. 

The importance of determination of immature stages is emphasized. 

An important point, if Indian students are to be employed as 
systematists, is that the present weakness in Indian education, ncunely, in 
foreign languages should be rectified. 


7. Db. S. C. Datta, Mukteswar (U.P.). 

Importance of systematica in Veterinary Zoology. — ^The subject is 
80 very large that the miniature zoological staff of the Vety. Dept, can do 
very little on systematica without the help of zoologists in better positions 
and of those provided with better facilities. Drug specificity shown by 
very related species of protozoan parasites of India makes systematica of 
fundamental in disease control work. The para4aitic faima of animals is 
very large in India and animals live under relatively unprotected condi- 
tions. Systematica in Vety. Zoology is very important, and in my 
experience perhaps more important than systematica in other spheres of 
applied Zoology in the present state of India. 


8. Db. B. K. Das, Hyderabad-Deccan. 

Systematic study is very important but not the fundamental aspect 
of any purely zoological or entomologSoal work. Morphological work 
combined with environment and adaptations is the key-note of all 
biological work and in unveiling the secrets of life — systematic work is 
very mechanical and should be left in the hands of museiun and 
Government Research Institutes experts. Young men should always be 
encouraged for systematic work. 
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XVII. RACIAL NOMENCLATURE. 

(Section of Anthropoiogy.) 

Mb. T. 0. Das, Calcutta, presided. 

1. Db. a. Aiyappak, Madras. 

Opening Remarks, 

The purpose of this discussion is to elicit how much of agreement 
them is among students of anthropology on the various race names 
suggested during recent yeeurs for the peoples of India. Though much 
remains yet to be known, we know more to-day about the physical 
characteristics of Indians than we did after the 1901 census, thanks 
chiefly to the work of Dr. Guha. As a consequence of our new knowledge, 
race names suggested by Risley have most of th^ been given up by all 
except perhaps writers of school books. The difficulties of the average 
teacher and worker dealing with anthropology have been increased by 
the controversies raised on race problems by Prof. Eickstedt who has 
given parallel names for several groups. Controversy is to be welcomed 
as it is a sign of developing interest in the subject and of intellectual 
health. The problems are so complex and our population so large that 
finality is not to be expected of the few workers. We feel that it is, however, 
possible to ait together and discuss and come to provisional agreement 
on certain points, and assess the merits of the various suggestions now 
holding the field. 

Some of our difficulties cue due to the complications inherent in our 
material. We know so much more about human beings than an 
ornithologist, for example, knows about birds. When, as in the case 
of our species, variation is known to be very grea^lassification becomes 
complex. Mixture has been the rule for humemoids even during the 
Sinanthropus epoch, and to gauge the consequences of such ancient int«er- 
mixtures is baffling. Any race study is made possible as a consequence of 
geographical isolation and selection which intensifies the charcM^ters 
possessed by some groups here and there whom we regard as pure for our 
purpose. Such are our marginal tribes, the Andamanese, the Assamese 
and to a lesser degree the proto -Australoids, The rest of our population 
is a continuum, groups merging one into the other, the boimdaries being 
very difficult to notice. The only races that can possibly be detected in 
such a mixed population are statistical races. An individual, family, 
group, caste, etc., may show a mosiac of characters. As a result however 
of endogamy and geographical and cultural barriers, characters show 
local concentration, and statisticeJ studies give results which are not 
mere mathematical abstractions but approximate to biological races. 

We have to bear in mind very clearly what we mean by races when 
our chief tool of investigation Is statistics. No room ^ould be left for 
politicians or the lay public to misunderstand what the anthropologist 
means by races. We also ought to remember that inheritance in human 
o^ings is complex due to the multiple factors for most of what we term 
racial characters. Blending is far commoner than simple dominance or 
recessiveness. Caution is also demanded of us in another direction. After 
e^^rything is said and done, there remains in every attempt at^clas^cation 
whether of plants or of animals, a certedn amount of subjectivity. Species 
has been defined as *a community or a number of related communities, 
whose distinctive morphological characters are in the opinion of a com- 
petent systematist, sufficiently definite to entitle it, or them to a spedfic 
^ame*. It ig the experience of biologists, as a rule, that the expert in 
each branch informs his intuitive feelings with intelligence and gives 
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valid reasons that convince liis fellow workers. And those experts oaUed 
to the work of classification have in their turn to bear in noirnd that ^a 
name once pubHidied is irrevocable, ^ permanent addition to the labour of 
future inyeirtigators. Let us beware of adding needlessly to the burden 
of posterity *« When, as in the case of mankind, classification has not 
only scientific but immense social consequences, I hope no one will enter 
on this field without the full recognition of his responsibilities. 

Consistent with what has b^n said above I shall attempt only to 
clarify certain issues, as under existing circumstances it may not be 
possible for us to come to definite conclusions. 

Two distinguished experts have recently surveyed the scientific 
position of raoiology with reference to India. The latest attempt by 
trof. Eickstedt talms the form of a lengthy introduction to ‘Travaneore 
Tribes and Castes’, Vol. 11. The other is by Dr. Guha in ‘An Outline of 
Field Sciences in India*. Though superficially different, the general 
outline of the position given in these two papers shows a substantial degree 
of agreement. The ta^le seems to be chiefly terminological. 

The Negritos, — ^The existence of the Negrito race in India is based 
on the discovery in Cochin State, Assam, and Santal Parganas of 
in^viduals with frizzly hair, one at lecwat of whom is also short-hecKied. 
It is difficult to understand why some anthropologists persist in denying 
the existence of frizzly hair among the Kadars, etc. 

On absolutely theoretical groimds, Hrdlicka expected to find traces 
of a negro -like strain in the intermediate regions between Africa and the 
Andamans, and in the course of his tour of India in 1925 he was satisfied 
it did exist. 

Whether the Negrito preceded or came after the Australoids is a 
moot question. Dr. Guha is inclined to the former view. On the 
assumption that frizzliness is a recessive character, he argues this character 
is being swamped out as a result of intermixture with wavy-haired elements. 
Woolly hair has been shown to be dominant in a Scandinavian case whose 
history was followed for five generations (Mohr in Journal of Heredity ^ 
23, 346-62, quoted by Gates). If among the Kadars also it is found to be 
dominant, frizzliness can only be explained as a passing trait. It may be 
that this trait is a recessive in the Kadars I If the Negrito were once 
widespread and the trait that distinguishes. them were a dominant one 
we ought to expect a more general frizzliness in the geographical pockets 
in which we flhd it in the course of its discontinuous distribution. It 
might be suggested that the Negritos were there but as a passing influence 
on the jungle tribes. 

The Tasmanians of the Australian region present a parallel problem 
to that of the Negritos in relation to the hill tribes of southern Indm. The 
Tasmanians had woolly hair and slightly broader heads than the 
Australians, but apart from these, every other feature was Australoid. 
With regard to them, Honrell and Warner come to the conclusion that 
they are Australoids modified by Melanesian influence, and that the 
postulate of a Tasmanian strain spreading over the whole continent of 
Australia would be untenable. 

Veddid and Proto-Australoid , — ^These terms have been used to describe 
the racial element that goes chiefly into the making of the hill tribes of 
central and southern India. About the distribution of this strain there is 
general agreement though Prof. Eickstedt excludes from it several of the 
tribes of central India. The older terms pre-Dravidian, Nishadic, etc., 
for this group have to be dropped in view of others that are more 
appropriate. The term Yaddld (Eickstedt) is suggestive of the relation- 
ship that the hill tribes ixieiitioned bear to the Veddahs, but there are 
some objections to its acooptaiiee, the first of which being that the Veddidis 
are not quite r^resenta^vo of the bulk of the tribes sought to be named 
after them. Eickstedt himself regards them as very much mixed up with 
the Singhalese; and Hrdlicka regards them as not so very much primitive 
as they have bssu usually supposed. ‘Proto -Australoid,’ on the other 
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hand, lias the advanti^ of being comprehensive, as it includes the hill 
tribes of southern India and the Veddahs, and of showing up the evolu* 
tionary link between Australian and South Indian tribes. 

Objection, however, is likely to be raised with regard to the prefix 
‘proto* which suggests that the ^uth Indian tribes are more primitive in 
an evolutionary sense them the Australians. All our best authorities axe 
agreed that the latter axe the most primitive of all living races of mankind. 
The pronounced eye-brow ridges, prognathiam and heuryness are all signs 
of extreme primitiveness, not specializations, when these are ^considered 
from the Hominid angle. The hill tribes of South India are more 
‘progressive * in these respects, while in such characters as stature they are 
primitive. 

Another interesting fact to remember is that the Australoids of 
India (Indo-Australoids), like those of the island continent, are proto - 
Europids the archet 3 rpe from which the races of Europe have evolved. 
Blood group studies have confirmed this belief. 

Basic dolich4sephalic type , — ^This exists mixed with the proto-Australoid 
strain on the one hand and the Mediterranean on the other. The Melanid 
group of Eickstedt seems to be the equivalent of this, but imfortunately 
the Melanid is more subjective than most other of this expert’s races. 
The Melajiids of Eickstedt are confined to southern and central India, 
the latter are being the home of the ‘Kolid* branch of the Melanids. 
Eickstedt’s Kolids however are proto-Australoids according to the other 
authority. Here then is the need for further clarification of the positions 
held. Eickstedt regards that the Melanids belong to a ‘ very old component 
of the Negrid main race *. He has not stated what is ‘the influence of an 
old proto-Negritid component since long entirely sucked up * that he has 
discovered among the Melanids except it be melanin in their skin which 
by itself is not diagnostic of race. 

Dr. Guha’s name for the type has the advantage of being non- 
committal and provisional. Melanid, a wrong name suggested when very 
little work has been done, need not be revived. 

Indid Reuse , — ^Eickstedt lumps together under this name several types 
with diverse skull forms. Extreme brachycephals and dolicocepahs are 
all grouped together. If this were to be done for Exirope it would have 
only one race ! His Indid proper are however easily recognizable as the 
Mediterranean of Guha, but he objects to the latter term on the ground 
that the race names of Europe are to be tabooed (p. xlii) from Indian race 
studies. Panchanan Mitra fo\md it convenient to use European termino- 
lo^ in the prehistoric field, but no one now considers that he was wrong. 
Eickstedt’s criticism of Mitra on this score is not justified. Eickstedt does 
not explain clearly what he means by North Indids, and until he does 
that we need not bother about it. 

Kegarding the rest of the terms suggested by Guha no differences of 
opinion have so far been expressed, which means that they are acceptable 
in the present state of our Imowledge of Indian rewjiology. 

2. Mb. H. 0. Chakladar, Calcutta. 

Bisley gave seven names to peoples of seven areas of the Indian 
Empire, and in spite of the fact that most of them have been found to be 
either wrong or unsuited, they continue to be employed by even scientific 
writers about India. Bisley’s Dravidians include four distinct physical 
^ypea. For one of these groups, the ScurassinB used Veddaic, Thurston 
and Haddon Pre-Dravidian, Chanda Nishada, and Guha — Seiyell — Hutton 
Proto -Aust^oid. Ginfirida-Bug^ri, Ghurye, Guha, and Eickstedt — 
®^h has his own classification of the Indian peoples, and necessarily a 
dmerent nomenclature. Attempts have been made to introduce some of 
the names recommended by Deniker or Fischer. Hie result is that for 
^^^y grouM of Indian men there is a multiplicity of ncunes, sufficient 
to puzzle the lay reader or writer. If we take into consideration the 
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racial types of the whole world, the variety of names that meet us grows 
simply mwildering, and besides, there are dififerenoes in the fundamental 
conception of race. The young science of Anthropology must wait yet 
a vhi&, before any upity in nomenclature, as in the other Natural Sciences, 
can be expected. Anthropological workers interested in India, however, 
may meet and seek to dev^ at least a provisional set of names intended 
to connote definite groups of our men. 


3, Mb. J. K. Bose, Calcutta. 


A standard terminology of different groups in India for ethnological 
purposes is a necessity. The earlier ethnologists have used different 
names for the same ethnic group. But before accepting or rejecting any 
of these terminologies we have to consider on which basis the new 
terminology for the Indian people will be made. Also whether any 
relation with ethnic groups ouWde of India will be taken into account. 

4. Dr. P. C. Biswas, Calcutta. 

The present dis-jussion reminds me of the discussion on the same 
topic that took place in the International Congress of Anthropological and 
Ethnological Sciences held in London in the year 1934. In tlmt c&cussion 
Prof. Von Eickstedt, Dr. Guha, Mr. Godrington and Rai Bahadur 
Ramaprosad Chanda, Prof. K. P. Chattopctdhyay and late Dr. Ananta 
Krishna Ayer took part. That discussion ended without any settlement. 

This discussion of Racial Nomenclature at this stage is not possible 
as we have not got sufficient number of Somatological measurements of 
the people of our country by trained Anthropologists. 

Ri^ey^s measurements though published all under his name were 
made by four persons without anthropological training and the other 
two Dr, Guha and Prof. Von Eickstedt measured very few people taking 
in consideration the population of India. 

Thus it is necessary to measure sufficient number of Indian people, 
then we will be in a position to classify and propose name for those. 

5. Capt. R. N. Basu, Calcutta. 

Anthropology — the study of man in groups — emerged, as you are all 
familiar, from a very crude stage and has built its structure on bed-jrock 
of knowledge. It is a misfortune that every one assumes that he has a 
wide knowledge of the subject, and ignorance due to unscientific turn of 
mind does not deter such p^ple from passing fanciful judgments, no 
matter how much controversial the subject is, on many scientific matters 
in Anthropology. Sometimes, such judgments are pa!e«ed on some very 
intricate anthropological problems for political purposes and for infiuencing 
public affairs of the country, discrediting altogether the question of what 
people are but what these specialists think about the people. Scientific 
nomenclature of the people has become very much complex owing to 
racial intermixture. 

The materials on the basis of which racial nomenclature of the peoples 
of India has so far been attempted are very scanty and from statistical 
point of view we will not be justified in accepting any theory based on 
such scanty materials. The distribution of physical characters in a small 
series will always be irregular and the peculiarities in such a series may 
also be due to chance selection and it will be rather wrong to accept 
any theory based on such peculiarities of the group. 

Zoologists classify animals into genera and species and use 
nomenclature based on physical characters but for nomenclature of the 
different groups of mai^ind, the anthropologists have taken recourse to 
not only biological evidence but other evidence which are cultural in 
nature. For r^ial nomenclat\ire biological nomenclature is all the 
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more important wiiereas cultural evidence is necessary for practical politics* 
Physical anthropology meets cultural anthropology only on historica] 
grounds — one supplementing the other* Racial nomenclature of the 
peoples of In<fe so far attempted was under the influence of the philologists 
and as such it is boimd to create physico -anthropological contrculictions. 
Nomenclature based on cultural evid^ce may denote what people do or 
their ancestors did but they are unable to delineate what types they belong 
to or what is their origin. 

The first attempt at racial nomenclature of the peoples of India was 
undertaken by late Sir Herbert Risley, a member of the Indian Civil 
Service. Risley classified peoples of India into seven ethnic types on 
linguistic, geographical euid physical characters and I doubt very much if 
physical characters and language would meet to fulfil the purpose of racial 
nomenclature in India. He recognized three racial elements in India, 
e.g. Dravidian, Mongolian and Aryan — the Turk and the Iranian as foimd 
in the composition on the Turko-firanicun type cannot be taken as primary 
ethnic elements. Again, in the Dravidian group of peoples — a term 
linguistic in origin and coined by Risley— we find peoples of diverse 
physical types and any nomenclature based on language spoken is 
untenable unless supported by non-adaptive hereditary physical factors 
in the light of recent biological studies. 

Next, racial nomenclature of the peoples of India was undertaken by 
O. Ruggeri on the evidence of the existing data at the time. According 
to him six racial elements have entered into the composition of the peoples 
of India : 

(1) Negritoes. 

(2) Pre-Dravidians ( Australoid- Veddaic). 

(3) Dravidians having affinity with H. Indo-africanus Aethiopicus. 

(4) Tall Dolichocephalic elements — Mesopotamic ? 

(6) Dolichocephalic Aryans — H. Indo-europeus dolichomorphus. 

(6) Brachycephalic Leucoderms — ^H. Indo-europeus brachymorphus. 

Prof. Eickstedt who came to India under the auspices of German- 
Iiidia expedition, carried out some anthropological investigations and on 
the basis of his studies of about 3,000 individuals, manufactured some 
fanciful names for the different groups of people in India and proclaimed 
before the world that he foimd a basic Negrid strain among some of the 
tribes of India. He says that his Melanids are the indidized descendemts 
of the Eastern branch of the Negro race and the inference was drawn from 
the dark brown black skin colour. Again he says that the shape of the 
base of the nose, of the lips, the chin and the hair of the Melanid group 
are between Negrid and Europid groups whereas the face and the bodily 
proportions are essentially Europid. Prof. Eickstedt also did not hesitate 
to use linguistic term for his nomenclature though he found fault with 
Kisley for the same. 

Next, the turn of events brought Dr. J. H. Hutton, another member 
of the Indian Civil Service, to play a prominent part in the field of racial 
nomenclature of the peoples of India with the assistance of Dr. B. S. Guha 
of the Zoological Survey of India. Dr. Hutton was the Census 
Commissioner of India in 1931 and as an auxiliary part of his voluminous 
work conceived this idea and possibly with a purpose. According to 
Hutton, the following racial elements entered into the composition of the 
peoples of India. 

(1) The Negrito. 

(2) The Proto -Australoid. , 

(3) The early branch of the Mediterranean race. 

(4) The second wave of Mediterraneans from the Persian Gulf 

region. 

(5) The third wave of Mediterraneans. 

(6) The Southern Mongoloids. 

(7) The Indo -Aryans. 
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The confusion arises with the term Dravidian, and according to 
Sexgi and Beniker there are two tyx>eB among the Dravidians of RidSy-^ 
long head, medium stature and messorrhine nose and long head, diort 
stature and platyndiine nose. The first of the two types was called 
Bravidicm cmd the second as Fre-Dravidians by some of the anthropologists. 
Mr. B. P. Chanda (now Bai Bahadur) woidd call the second group as 
^Nishad* denoting a number of tribes living in the hills and forests and of 
very dark colour, low statured, etc. Chanda bases his theory on physical 
measurements but unlike Bidey attempts to separate the groups on the 
basis of nasal indices. 

These Pre-Dravidians were later named as Australoid* Veddaic by 
Buggeri, on the assumption that the Veddahs of Ceylon, the primitive 
tribes of South India and the AustraU^ms are of the same common origin. 
But Zuckerman in his Bulletin on the Adichanallur skulls makes it clear 
by quoting almost all the authorities, who have dealt with the South 
Indi^ Craniolo^cal material, that ^craniological evidence derived from the 
present population of Bekkan does not support the hypothesis of a pre- 
dravidian racial stock whose representatives are, amongst others, the 
Australians, the jungle tribes of South India and Veddahs of Ceylon 

Br. Hutton, on the other hand, tried to affiliate the primitive tribes 
of South India and the Veddahs of Ceylon with the Palestine man and 
through the latter with the NeanderthELls of Western Europe. Hutton 
asserted that the Kish skull may be said to be the connecting link between 
the Palestine man and his Proto -Australoid t3q)es of India but it is rather 
strcuige that Br. Hutton failed to explain the great (hfferences in the 
nasal indices between the Kish skulls, Adichanallur skull, Veddaic skulls of 
Mohenjo-daro and his Proto -Australoid skulls of India. Colonel Sewell 
tried to associate the Indian Proto-Australoid t5rpe with the Australians 
on the one hand cmd the Rhodesian man on the other hand. Br. Hutton, 
at the instance of Colonel Sewell, attempts to associate his Indian Proto - 
Australoid type with the Palestine man and the western Neanderthals. 
Osborn writes in his book ‘Men of Old Stone Age* as follows: — ‘In brief, 
the Australian type of head has nothing in common with that of the 
Neanderthals except in a number of chareicteristics in the region of the 
forehead and of the nose*. Boule writes in his book ‘Fossil Men* as 
follows: — ‘All these modem so-called Neanderthaloid are nothing but 
varieties of individuals of Homo sapiens, remarkable for the accidentcd 
exaggeration of certain anatomical traits which are normally developed in 
all specimens of Homo neanderthalensis. The simplest explanation of 
these accidents in most cases is atavism or reversion. We cannot assert 
that there has never been an infusion of Neanderthaloid blood in the 
groups belonging to the species Homo sapiens, but what seems to be 
quite cert€un is that any such infusion can have been only accidental, for 
there is no recent type which can be considered even as a modified direct 
descendant of the Neand^thals*. Moreover, the distribution of blood 
group among some of the south India tribes as carried out by Malone and 
Lahm is quite different from those of the Australians. 

The destiny of the Indian peoples for scientific nomenclature devolved, 
so long, upon persons whose object was mainly directed for the propagation 
before the world about the inferiority in origin of this subject nation for 
the purpose of maintaining their political domination. 

The problem of racial nomenclature is a very intricate one and requires 
a careful study and a mass of data has to be collected for the different 
groups of peoples all over India. After discussing the various pros and 
cons a well-planned formula is to be thrashed out which will stand the 
vicissitudes of environment, nutrition and other factors otherwise any 
nomenclature of the peoples of India is futile to attempt. 
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XVin. DETRIBAUZATION AND ACCULTURATION. 

{Section of Anthropology,) 

Mb. T. G. Das, Calcutta, presided. 

1. Mr. Nirmal Kumar Bose, Calcutta. 

Opening Remarks, 

Three cases of receut cultural change are first cited. The Jucuigs of 
Orissa are not considered to be Hindus, but they have already begun to 
worship Hindu gods and goddesses. Some Mundas and Oraons of Ranchi 
put on the sacred thread for a number of days during the Manda festival, 
employ a Vaishnava priest and virtually live the hfe of a Hindu for a 
short period within the year. The Muchis of Bolpur in Western Bengal 
have recently been subjected to reform movement, under the influence 
of which they have been trying to give up certain * unclean’ customs and 
adopt a manner of life closer to that of the high and clean castes. 

Thus several tribes and castes have been subjected to the dominance 
of Hindu culture in recent times. It is suggest^ that this domination 
first started in the economic sphere. When a tribe becomes economically 
subservient to another, it also becomes subservient to them in social as 
well as cultural matters. 

Proofs of culture changes in early times are cited from the Mahabharata 
and the Manusamhita, and it is shown how, in those times also, economic 
domination was the most important operative factor. Tribes, who were 
absorbed, were converted into a caste and given monopoly in a particular 
occupation within a given area. In this way a productive system was 
built up through hereditary monopolistic guilds. As long as this pro- 
ductive system endured the caste system remained stable, and when 
the productive system broke down, caste was subjected to disruption. 

In the Hindu method of acculturation, a policy of laissez faire was 
adopted wdth regard to the religious and social culture of the absorbed 
tribes. A machinery was set up for bringing them in line with 
Brahmanical morals, but no violence was done to those cultures. A 
pantheistic form of social idealism prevailed in those times. 

A comparison has been made between the Russian plan of 
acculturation in Turkestcui and Uzbegistan with that of the Brahmins 
with regard to the aboriginal tribes in India and certain distinctions 
have been drawn between the two. 

With regard to the future, it is said that all attempts at acculturation 
sho^d first begin with economic rehabilitation of a tribe. When that is 
achieved, the rest will follow with ease. 

2. Mr. M. N. Basu, Calcutta. 

The author’s personal es^rience with the life of the Bunas and the 
Noluas of Bengal in connection with culture contact may be cited. The 
Bun^ are a class of people brought by the indigo planters or the big 
^iQinders of Bengal to employ in their firms or houses. They are now 
shunned by the two principal communities of Beng^, viz. ^ the Hindus 
s^d the Muhammadans. In this paper the author wants to show how 
much of the Hindu or Muhammadan influence has entered into their culture 
composition. The Noluas of Bengal are a social group living in the four 
cwncts— Jeesore, Khulna, Faridpur and Nadia. They are Muhammadans 
pin they were originally Hindus. The author wiU show how the Hindu 
mfluenoe is graduwy overpowered by the Muhammadans. 
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3. Mb. J. K. Boss, Calcutta. 

Acculturation is in progress eunongst the primitive tribes who have 
settled in Bengal. The Plains Garos of Mymensingh are one of such 
instances. 

The material culture of the Plains Garos has undergone considerable 
modifications due to local infiuence and to adapt the life in this new 
environment. Social regulations have also been modified to a great ext«it 
for different reasons. The physical features have been affected by 
admixture with local people. In religious life a curious blending of 
some Hindu gods and goddesses with Garo deities has been made. 


4. Db. a. Aiyapfan, Madras. 

Diffusion by prestige has been the real process in the changes under* 
gone by various tribal communities of India. It is doubtful if, at any 
time, there has been a conscious eutificially organized mechanism for 
changing the culture of the tribes. There may have been attempts 
m£kde by upper castes to exploit the lower castes and tribes, and these 
may have included efforts to change certain rites obnoxious according 
to Brahminical standards — ^whether Ancient Hindus ever attempted to 
Hinduize Indian tribes in the manner of modem missionaries to Christianize 
them — this is a very difficult problem. 


5. Pbof. K. P. Chattopadhyay, Calcutta. 

The speaker pointed out the operation of the two ways of accultura* 
tion — (a) the Western European missionary method, and (6) the Eastern 
or Hindu method, among S^tals. In the Daman-i-Koh, the Santals are 
carefully kept apart from the Hindus and other Indians. But the Christian 
missionaries have been given rent free grants of land to work in this area 
for the last seventy years and more. The result is that the Santals have 
lost a good deal of the beliefs roimd which their social life has been built 
up. A break up of the tribal life is inevitable in such circumstances 
even though the economic safeguards are effective. On the other hand, 
in Mayurbhanj, the Santals are classed as tribal Hindus and are encouraged 
to feel themselves one with the other members of society there. The 
result is that the older social traditions have survived but in contact with 
the higher culture, cruder expressions of belief have been checked. As 
anthropologists we have to decide which way of acculturation is better 
and stress it. The first method destroys the older traditions. But new 
traditions cannot be built up in a day. The second method turns the 
crude, urges into more relink chaimels, without causing a break in the 
traditions. India has a tribal population of twenty millions. We cannot 
afford to let them be detribalized and left to drift, culturally. We have 
to place our views before the public and persuade them to take up this 
task. 


6. Bbij Mohan Lax, Hyderabad-Deccan. 

Gonds, Bhils, and reside in Hyderabad State. Gonds and 

Bhils have come imdeu^ Infiuence of higher civilizations in the present 
and a study of thei^ cmtms and customs may throw light emd explain 
some of the complioBted customs of the Hindus. It is harmful to the 
tribes if their primary ethical beliefs are broken down, as it is imable to 
assimilate a higher ethical standard, having not risen the standard of 
civilization. Even the members of the tril^ take up the deities of the 
absorbing civilization and adopt them to their own, e.g. Virgin Mary 
is worshipped by them in the spirit of a devi. 
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XIX. CORRELATIONAL ANALYSIS OF ANTHROPO- 
METRIC MATERIAL. 

{Section of Anthropology, in co-operation tvith the Indian 
Statistical Conference.) 

Fbov. K. F. Chattopadhyay, Calcutta, presided and opened the 
discussion. 

In his opening remarks Prof. K. P. Chattopadhyay referred to the 
imperative need of using the sampling method in anthropological studies. 
But he uttered a warning against the danger of bias in the selection of 
samples, illustrating his argument with examples. A working knowledge 
of statistical methods, he declared, was essential for anthropologists, for 
without it they were liable to reach conclusions which would be more in 
agreement with their personal prejudices than with observed facts. He 
concluded by stressing the urgent need for standardization of measure^ 
ments on the living. 

2. Pbof. D. D. Kosambi, Poona. 

The speaker gave a most interesting summary of an ingenious appli- 
cation of statistical methods for studying the chronology of ancient 
Indian coins. He found that the old Indian coinage foimd at Taxila 
and other places showed remarkable homogeneity in weight distribution. 
The average weight of coins showed a close linear correlation with the 
number of punch-marks on the coins. On certain plausible hypotheses 
this provided a method for fixing the chronology of the coins. 

3. Mbs. Chameli Bose, Calcutta. 

She presented a paper dealing with the corselational analysis of 
anthropometric material relating to 13 Bengal castes and tribes originally 
published by Sir H. H. Risley and revised by Prof, P. C. Mahalanobk in 
1933. On the whole the material was found to be of the multivariate 
normal type with linear correlations. 

In the discussion which followed Prof. P. C. Mahalanobis stressed the 
importance of the standardization of measurements, and referred to the 
brilliant application of the statistical method made by Prof. Kosambi 
in studying the chronology of ancient coins. 

Prof. Chattopadhyay brought the session to a close with a few remarks 
on Mrs. Bose’s paper which he considered to be noteworthy. 


XX. FOOD PLANNING. 

(Sections of Medical and Veterinary Research, Physiology, 
AgricvUure, Geology, Geography and Geodesy, 
and Engineering.) 

Mr. P. M. Khabbohat, New Delhi, presided. 

1. Mb. a. C. Ukil, Calcutta. 

Opening removrke. 

The following points are worthy of your attention in connection with 
food pleuining in India ; 
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The net available stook of any agricultural commodity is made up of 
(1) production, and (2) import minus export and seed requirements. One 
riiomd know whether the net cropped area in different provinces is suffici^t 
to meet the food requirements of the population and to supply them with 
sufficient cash crops to permit the ryot to buy the other necessities of life 
with the economic return from their sale. If not, it should be oonsidmd 
whether a certain proportion of population can be absorbed into the 
industries, either part or whole-time, for obtaining the necessary economic 
solution of their basic needs. 

It is now accepted that a vast majority of the population in many 
parts of India are on a subnutritional level, the result of which is reflected 
m their poorly developed* toneless and physically inefficient condition, with 
chronic ill-health and low resistance to disecuaes. The minimum cost of 
diet for an individual, at prevailing prices, has been estimated by 
Dr. Aykroyd at Bs.5 per mensem. This represents the average monthly 
income of an Indian, but against this background may be placed the 
following example from Beng^: — 

There is an average of 6 persons per house or unit of family and there 
are 2*5 non-working dependants to every earner and worker. Each such 
family in Bengal has only 3} etcres of cultivable land, as agednst 21 acres 
in England. The living expenses of such a family consist of (a) food, (b) 
other necessities of life, such as tobacco, light, utensils, fuel, clothing and 
repairs to dwelling houses, (c) medical expenses, (d) social fimctions, and 
(e) cattle food and manure. The cost of food at Rs.5 per head per 
month for a family comes to Rs.300 per annum. Other necessities of life 
based on the figures supplied by the Hon’ble Sir Azizul Huque 
(B[uque — ^The Man Behind the Plough, 1939) cost Rs.iO per annum. 
Medical expenses have been put down to Rs.24 and social functions 
at Rs.6 per annum. To this may be added manure at R8.15 and cattle 
food at Rs.25 per annum. The total comes to Rs.400 per anniun. 
Besides these, the ryot has to meet the rent of land, cess, union rates, 
labour charges, bullock charges, cost of seeds, ploughs and other imple- 
ments, interest on debt and perhaps some repayment of debt. Sir Azizul 
puts the amoimt of fixed liability of a peasant family for the above at 
Rs.l25 per annum. The above two major items added together make 
R8.525 per annum, which represents the fare minimum for a healthy 
living, without any provision being made, however, for education, recrea- 
tion, and some measure of economic security. Against this, the present 
annual income of a peasant family is R8.180 to R8.250. This means 
that the Bengal peasant needs to raise his income three times if he has 
to lead a healthy life according to minimum standards. What holds 
good in the case of Bengal is probably also true for the greater part of 
this subcontinent. An adequate food production for such a population 
must need careful consideration from scientific workers and administrators 
alike. 

It has been stated that the production of cereals in India has fallen 
short of the increase in population. Between 1900 and 1934, the area 
under food crops has increased by 9%, whereas the population has increased 
by 21%. . Although the production of cash crops seems to have proceeded 
pari passu with the growth of population, the amall economic return 
from it has not been able to meet the basic needs of the ryot regarding 
food, clothing, fuel, housings social needs, farm equipment and payment 
of debt. 

In spite of India's being a predominantly rice growing country, 
every year she has to import 12-14,00,000 tons of rice. 

The proportion of CK>im to total area of land in different provinces 
varies between 16% in Sind to 68% in Delhi, the average being 34'2%. 
22-40% of land represents cultivable waste other than fallow. The 
population per 100 acres of sown area vcuies between 60-297, according 
to the density of population. 81% of the land is employed in the pro- 
duction of food grains (76*3%), sugar (1*7%), condiments and spices 
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(0'5%)» fruits and vegetables (1*8%) and misoellaneous food orops (0*7%), 
and 19% of it is employed in the production of non-food or cash crops* 
including fodder orops (4%). Agriculture cannot support more than 
250 persons to the square mile, whereas in some provinces, e.g., Bengal* 
the average density of population is 650 per sq. mile. Our fiiet duty, 
therefore, is to reclaim, with the aid of drahiage, irrigation and enrichment 
of soil the large amount of cultivable waste Iwd in the country. 

It is well known that India grows less food crops per acre than most 
countries which have applied science to the service of man and animals. 
For example, Java and Siam grow 1} times and Korea and Japan 3 times 
tlie quantity of rice from the same area of land as in India; as regards 
wheat, information reveals a similar position. In India only 6% of the 
area under total orops is at present under new and improved crops. The 
soil in most parts of India has now reeushed a stationary state of fertility 
at a low- 3 deld level as a result of cultivation over many centuries, without 
adequate retention of organic matter and phosphates and due to the lack 
of proper soil management in several important directions. 

The causes of agricultural deterioration are usually absence of 
adequate irrigation facilities, silting up of rivers and irrigation tanka, 
bad drainage of waterlogged areas, floods and denudation of forests. 
The proportion of irrigated to total sown area varies between 7% in 
Bengal to 56% in the Punjab, the average for India being 13%. 

It is generally known that there is food shortage in India not only 
quantitatively but also qualitatively. There is serious riiortage of 
* protective’ foods in the dieta^ of the Indian, e.g., milk — ^the daily 
per capita consumption in India is only 7 oz., as compared to 39 oz. 
in Great Britain and 45 oz. in Australia. In Bengal, it is only 3 oz. per 
capita and on the top of it Rb. 60 lakhs worth of milk products are 
annually imported into the province from foreign coirntries. Even 
where very useful research has been made in India and other countries 
with regard to the improvement in the quality and quantity of crops, 
its application has generally lagged behind in India. ^ 

India has grs^ually become, during the post-war period, a food 
importing country and her intenud food supply has fallen short of her 
requirements. Each family in Bengal has only 3{ acres of cultivable land, 
as against 21 acres in Engird. 

The gradual expansion of cultivated area and the almost complete 
conversion of pastures into tilled lands in many pcuts of India have resulted 
in the impoverishment of cattle. In Bengcd, for example, there are 
30-69 animals to the acre of grazing land, wl^reas it is estimated that 
i acre is needed per animal. Br. K. 0. stated yesterday that there 
was 45% food shortage among cattle in India. The number of cattle per 
100 acres sown in Bengal is 108, as agmnst 67 for the whole of Bidia, 15 
of China, 25 of Egypt and 6 of Japan. 

It is not posfflble to develop grazing areas without combining the 
dairy industry with farming and without eliminating useless breeds of 
cattle and introducing better breeds instead. 

A crop planning conference was held, under the auspices of the 
Imperial Ooimcil of .^^;ricultural Research in 1934, but it failed to indicate 
how to correct the lag. A judicious crop planning implies the introduction 
of improved and purer varieties of crop seeds and of improved methods of 
cultivation with the aid of more efficient implements and proper manuring; 
the application of a suitable cropping scheme b;^ judicious mstril| 2 ution of 
grain, fodder, money crops and a sou-recuperating crop on tl^ available 
^oil, a better control of pests and diseeum to avoid the loss in yield caused 
by them; demonstration and education of farmers with regard to the 
^qmtable planning of food and money crops and to horticulture and 
backyard farming; the encouraging of a larger cultivation of those orops 
wluch are likely to make up for the deflcienoy in the national diet, e.g. 
pulses, soya beans (milk, cheese and cakes prepared from them for boUi 
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rnttn and cattle), ground nuts, wheat, etc., if necessary by offe^img con- 
cessions to the ryot izi the form of remission of revenue assessment; and, 
finally, the introduction of suitable mcurketing and distributing machinery 
by means of co-operative seed stores, storage and selling organization. 
It is the duty of the State to initiate and organize these improvements. 
Drainage and irrigation are vital factors in land reclamation ana utilization, 
which must be looked after by the State. 

Nutrition surveys have b^n and are now being carried out in various 
parts of India. A lot of facts is known to us by now but it is a matter 
of great regret that these surveys do not often stop out of theoretical and 
academic into practical and applicable domains. 

Sir John Kussel in his Report on Crop Planning (1937, pp. 16-22) has 
said that 'the well-balanced diet does not require more but less cereals 
than at present, but it includes more of everything else, especially of 
vegetables, fruits, and milk, and one great need for the food ^pply is to 
increase the production of these three essentials, therefore, to increase the 
yield of the staple crops so as to liberate land for the cultivation of these 
supplementary foods. No improvement in ** quality ’* of the cereals or 
pulses w^ convert the ill-balanced into a well-balanced diet. I am strongly 
of opinion that in dealing with food crops intended for home consumpt^n 
the agriculturist should aim at securing the largest and healthiest crops 
possible, but that he need not concern himself with trying to change their 
consiimption. The amount of alteration possible is too small to justify 
the expenditure of time and resources that can bettor be spent in other 
ways’. With a view to secure a co-ordination between nutritional research 
work and agricultural research, a Nutrition Liaison Officer was impointed 
some years ago, which stop pleased Sir John Russell very much, but alas t 
before this officer cordd make any headway, the post has been abolished. 
This is one of the ways in which oiu* relations beftween theoretical and 
applied science are maintained in India. 

It has been shown above and elsewhere (Food Planning in Bengal, 
Report of the Food and Nutrition Exposition, Calcutta, 1939, pp. 42-^0) 
that the peasant has to raise his income thr^ times his present income 
level in order to enable him to obtain the minimum requirements of a 
heedthy life. The problem is how is he to raise his food and to obtain his 
resources for the other necessities of life ? Any scheme of food planning, 
therefore, miist not only take into consideration questions of improving 
the quality and quantity of crops, i.e., improvement of agricultural metho(£ 
and crop planning (here lies the field for co-ordination between Agriculture 
Department and Nutrition Workers), the improvement and availability 
of the soil (here lies the field for co-ordi^tion between Drainage, 
Irrigation, Communications and Agriculture Departments) and the 
improvement of cattle and da^ produce but also the associated but 
complex problems of industrialization (large-scale and cottage) and 
population control by emigration and birth control in order to reheve the 
pressure of the increasing population on the soil. The development of 
industries subsidiary to agncmture, as has been done in Japan where the 
silk industry has be^me an import^t subsidiary occupation of agriculture 
and accounts for 20% of the mcome of the agricultural classes, may be 
attempted here. The exploitation of man power during non-working 
agricultural seasons (approximately 4 months in the year) in subsidiary 
occupations might offer some solution. Associated with this also is the 
problem of improving the positive health of the x)eople and of increasing 
their physical fitness and working capacity. 

Adulteration is M Important matter. Legislation regarding adultera- 
tion and grading of fbiOd products (e.g. milling of cereals) may be necessary. 

It will be seen from what has been said that a planned programme of 
the development of food production and conservation is to be followed 
in every province, if we wish to protect the population from further 
deterioration. The activities of the various departments of the 
€h>veiiiment — ^Agriculture, Irrigation, Veterinary, Co-operative, Industries 
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etnd Education — have to be pooled and co-ordinated and thua br<ni{^t 
to the ryot’s rescue. In most provincial Governments in India such 
co-ordination is not easily secured, with the result that our efforts become 
disjointed and slow and they do not form part of a planned programme. 
It is needless to say that such a national effort to save the semi-starved 
population requires a national planning by the State and the people. 

The speaker suggested that a Food Pleuming (Committee should be 
established in every province in co*ordination with the Agriculture, 
Irrigation, Veterinary, Co-operative, Industries and Education depart* 
ments, to study the food position in its respective areas, to find out where 
the lag was and to take suitable steps to remove the lag wherever it was 
detect^. The Provincial S^tary Board in Bengal has already led the 
way by appointing a Nutrition Committee, which is trying to study the 
problem in all its bearings and 1 hope that the much-needed co-ordination 
emphasized by me will & soon forthcoming. 

2. Db. W. R. Aykboyd, Coonoor. 

The idea that scientific knowledge of food requirements should be 
taken into consideration in planning agricultural policy had been gaining 
groimd within recent years. In England the war-time food policy, in 
respect of both* imports and home production, had been infiuenc^ by 
modem ideas of what constitutes a satisfactory or adequate diet. If 
this aspect of food planning was to be develo|^, it was necessary to 
have reliable data about the dietary habits of the population concerned 
and how these could be improved. A great deal of ^ta of this nature 
had already been collected in India. Within the last 6 years some 70 
or more detailed diet surveys had been carried out in various parts of 
India, which showed very clearly the defects of typical Indian diets. First, 
there cotild be no doubt that a high percental of the population was 
under -fed. * Enough food* took precedence over ‘the right l^d of food*, 
and it followed that to produce more food must be the primary aim of 
agricultural policy. Secondly, most Indian dietif^ could Im improved by 
the inclusion of such foods as milk, pulses, vegetables (particularly green 
leafy vegetables), fruits and fish in greater quantities. A striking increase 
in the production of milk products was at present difficult for a number 
of reasons. But something could be done with regard to pulses and this 
question was at present receiving the attention of the Imperial Council of 
Agricultural Research. Vegetable growing could be stimulated in various 
ways. More attention should be given to this question by agricultural 
research departments. The education of the people about the value of 
green leafy vegetables was highly important. Again, the sea-fishing 
industry remained in an undeveloped state and a potential source of 
valuable food was largely untapp^. In this connection, the recent 
development of centres for the production of shark liver oil as a substitute 
uf cod liver oil was of considerable interest and imi^rtance. This was in 
a sense food planning, based on the findings of nutrition research. 

The nutrition worker put forward hm views about the direction in 
which food production shoffid develop in order to improve the diet of the 
people. It was then the task of a^cultural research workers and dep^- 
ments to study the means of putting these recommendations into effect, 
^aversely, it might be shown that agricultural research on which a great 
deal of time and money was being q)ent was not likely to raise standards of 
nutrition. Closer contact between agricultural and nutrition research 
^ould benefit both and encourage the use of the scientificfmethod in the 
attack of many formidable problems. 


3. Mb. K. Hxtba, Patna. 

(1) Before any planning of food for masses in India be taken im it 
18 desirable that an assessment of actual yield of the agricultural produce 
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in ihe oountiy be made. Usually the data about the produce of milk, 
meat, fish, ^ultiy and> vegetables, in other words, the essential food factors 
are not available. 

(2) Increment of the food resources of the country should be 
accompanied by ef^cient marketing organization so that the foodsti^ 
may he placed within the reach of the poorer consumers at a reasonaUe 
cost all over the country. 

(3) Dr. Aykroyd has very rightly pointed out that any reasonable 
increase in milk production is not possible in this country under the 
existing circumstances. Though the majority of the people are 
vegetarians, still a very lajge amount of population have no aversion to 
meat or fish provided their economic status allows the inclusion of this 
item m their i^d. The fisheries shot^d be tapped more eificiently and the 
question should not be shelved on the pounds of vegetarianism alone. 

(4) A rioe-eater*s diet can be balanced to a very great extent by 
inclusion of leafy vegetables. These leafy vegetables can be grown in tlw 
back-yard of every family unit at a very little or insignificant cost. This 
item is likely to improve the intake of c^cium, vitamin A and vitamin C. 

(5) The speaker has often been acked as to how one could make 
digertible the comparatively indigestible millets like ragi, jawar and flowers 
of Mahua (Bassia latifolia) which are not considered fit for consumption 
by certain sections of people. At Coimbatore, malting of the interior 
millets was being carried out. This knowledge should be made available to 
the people at large. 

(6) The speaker would endorse the valuable suggestion made by 
Dr. Ukil as regards the improvement of agriculture by extension of the 
irrigation facilities. In India still large tracts of land are lying com- 
paratively fallow or at best only one crop is being raised for paucity of 
water. This side of the question demands serious attention by those who 
contemplate increased fo<^ production for the population. 


4. Mb. J. N. Maitra, Calcutta. 

Spoke on the necessity of food production and food preservation, in 
addition to the control of food export by legislation, if required. He 
thoiight that by suitable education of the masses in schools and outside 
institutions a good deal of the wastage of valuable elements in food could 
be minimized. 


6. Db. K. V. Gmi, Vizagapatam. 

Stated that experiments carried out at the Coonoor Laboratories have 
shown that the Indian gooseberry (Amla) is a rich source of vitamin C, 
so much so that one or two grammes of the powder or a single fruit could 
supply the normal requirements of an adult individual. He thought that 
its cheapness and easy availability offered an easy method of supplying 
vitamin 0 to our population. 

6. Mb. a. K. Banebjbb, Calcutta. 

Nature's supply of food for men as well as animals is not inadequate. 
Moreover nature is always trying to maintain a balance between demand 
'and supply. It is man's own uneconomic and thoughtless way of using 
the resources of nature that has caused him, as well as his animals, so 
much distress and difficulty. This can be illustrated by takmg one item 
of diet — ^namely, fi^h, which occupies not only an important but a necessary 
item in the menu of the rice eating population of Bengal. Bengal is a 
land of rivers and possesses the huge area of water surface in comparison 
with other provinces. Fish can be obtained in large quantities during 
oertun seasons at almost any place near the principid rivers. But in Bengm 
there is a great clamour for want of fish and what is this due to ? This is 
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due mainly to (i) intenaive fishing in small areas, (ii) using nets which 
have very small mesh and thereby trapping the small fry, (iii) lack of 
knowledge as to the netting of millions of carp eggs which fiow down to 
the saline water in the estuaries and die. The second point in support of 
my argument is that the vast area of the Sundarbans, possessing a vast 
network of water channels, rivers and canals, is a mine of fidi which has a 
very great potential market as well as food value. But for want of proper 
organization amongst the fishermen, for want of facilities of trcuisport and 
communication, tl^ nature’s valuable wealth of fish is not being utilized 
at all. At the modest computation, the city of Calcutta needs about ten 
to twelve lacs of fish annually whereas the citizens get a supply of about 
two lacs only. Again, a considerable quantity of supply is wasted due to 
putrefaction. By way of remedy I may suggest a few points to the 
members of the food planning symposium for their kind consideration: 
(1) attention of the Department of Industries and Agriculture to be 
drawn in reerpect of fish culture and fish preservation, as well as netting of 
fish. The work so far done by the department leaves ample room for 
improvement, (ii) The Universities of Calcutta and Dacca are to be 
requested to set up a body of research workers from amongst men in the 
departments of zoology, geography and medicine who would carry out 
research work in the form of field work, study the distribution of fishes, 
in the form of laboratory work, to find out the possibilities of artificial 
hatchery and to study of market conditions, (iii) Preservation and 
storage of fifi^ is anoth^ very impcrtcuat item. None of the markets of 
Calcutta possesses any refrigerating plant. Billingsgate market in 
Englcmd, which sells 400 tons of fish daily on week days has a very good 
arrangement for cold storage, boiling and other means of preservation. 
Hence, if we can stop the wastage, I think we can add more biological 
protein to the food of the masses. 

7. Mb. K. Ramiah, Indore. 

The question of educating the people with regard to healthy foods 
and food habits has been stressed by some of fhe previous speakers. He 
was, however, doubtful of the effect of education. He quoted the instance 
in Madras where some years ago a co-operative society was started to 
produce and sell to its members hand pounded rice but so far as he knows, 
it did not make any headway even with educated people. He did not see 
any reason why legislation should not be thought of to prevent people 
obtaining less nutritious food, for instance, the production of mill polished 
rice could be prevented by legislation. When legislation has been found 
useful and appreciated in the social matters, for example Sards Act, there 
was probably greater need for legislation with regard to foods. 

As regards crop planning he stated that no one had any doubts 
about its necessity or usefulness. What the absence of such planning 
has brought about in our own country with regard to sugarcane was 
known to everyone but the problem was beset with considerable amount 
of practical difficulties. A certain amo\mt of successful planning has 
been done with regard to some of our pleuitation crops, such as coffee and 
tea. Due to variations in climatic conditions and natural facilities 
available in different tracts of the country, the productive capacity also 
varied. Was it possible to say that only such tracts that had the facilities 
and suitable conditions to produce the maximum outturn per acre of 
any particular commodity would be allowed to produce it and others 
where much facilities are lacking ^ould be prevented from producing it? 
Such a proposition ixnmediately brings up the question of the economics 
of crop planning in particular tracts and inteiprovincial and interstate 
oontioversies. There is unfortunately an increasing tendency for sdf- 
sufficiency in provinces and States. Even if such a planning were possible 
for the country as a whole steps might be necessary to prevent other 
countries which have facilities to produce a particular commodity in 
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greater abundance and aometiinea even at a cheaper rate from dumping 
the commodity in the cotmtry and upaet the arrangements. 

8. Rao BAjaAnxm B. Viswana!XH» New Delhi. 

The fflpeaker thought that there was just ^ough protein for two- 
thirds of the population of TnHie. and that it required 5-6 acres of land f^r 
family in order to obtain the necessary quantity of biological protein. 
He agreed that while more land should ‘be made available for increased 
food supply, more production, particularly of the protein foods, from the 
available area of limd was greater necessity. He therefore api^aled for 
more food production first and then of protective foods. In this task he 
thought that the nutrition workers should inform the agricultural workers 
of the requirements of the population and then t^ latter would devise 
ways and means for ensuring the requir^ production. He thought that 
this co-operation was very much needed in India to-day. 


9. Da. V. K. Badami, Cuttack. 

Thought that the same story of ehortage of food and excessive 
population in relation to the available land prevailed everywh^ in the 
ru^ areas. The problem was how to put the scientific principles into 
practice and he thought that in this task the State and scientists cdiould 
put their shoulders together. 


10. Ma. K. J. Devadanam, Baroda. 

Drew attention to the successful work in this direction being done 
by the students in educating the villagers, which, he hoped, might be 
emulated elsewhere. 

The president, Mr. P. M. Khareghat, in winding up the discussion, 
pointed out that the subject of Food Planning could be considered under 
two aspects: (1) the food that should be consumed, and (2) the supply 
of such food; the latter touched on the subject of crop pleummg. 

So far as the suitability of the food consumed was concerned, the 
nutrition workers had given us a fair idea of what was required to maintain 
the people in health. The preu:tical difficulties were in connection with 
(i) the poverty of the people, (ii) changing over from a diet to which the 
people were accustomed, and (iii) the availability of the type of food 
required. 

The suggestion had been meule that the existing food should be 
^proved by putting into it the required additional nutritive elements by 
judicious brewing, proper manuring, etc. This was, however, very 
difficult in pi^tice and 1^ agreed with Dr. Aykroyd that we ediould for 
the present direct our main attention to the supplementing of the existing 
diets. This meant that suitable additional crops, such as pulses, should 
be grown. This again brought in difficulties connected with soil, climate, 
etc., and there was also the question of the availability of more Icuid. 
The solution lay in inking the existing land produce more per acre, so 
that the same quantity could be produced from a smaller area and then 
to utilize the area thus made available for the production of additional 
crops or fodder required. If this was to be done effectively and intelli- 
gently it meant crop planning. 

As ^ards the planning of crop production he thought that there 
were serious difficulties, but there was no reason why an Advisory Body 
or Organisaldon could not be set up to survey the whole position regarding 
food piednotion and supply in the provinces and States and to consider 
th e y artion in its various cuapects as regards the available land, the 
natfim and ijuaatity of crops, additional or otherwise, which could be 
proddoed team it, the education of the ryot in the improved methods of 
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food production and preservation, etc. . His own impression was that the 
ryot would listen to the soientisfc if the latter could g^uarantee him against 
loss. He thought food preservation to be an important means of 
conserving food resources in an area, e.g., mango could be thus preserved 
and used when the fruit became scarce. He did not agree with those 
who thought that the production of more milk for the population was not 
a practicable proposition at present in India, as hed been proved in 
Bajputana. The dif&culty lay in educating the people to d^k more 
milk. 

He thought that the Advisory Body suggested above might help the 
Local Authorities to solve their difficulties by offering suitable advice 
in planning in their respective areas. These efforts might have to be 
supplemented by legislation, where persuasion failed. He endorsed the 
suggestion that there should be greater co-ordination between the agricul* 
tural authorities on the one hand and the nutrition and public health 
authorities on the other. He mentioned that a good deal of that co-ordina- 
tion already existed, as the Public Health Commissioner was on the 
Advisory Board of the Imperial Council of Agricultural Research, while 
the Agricultural Commissioner was a member of the Nutrition Advisory 
Committee, Indian Research Fund Association. 


XXI. REASONS FOR THE LAG IN INDIA OF UTILIZA- 
TION OF MEDICAL KNOWLEDGE BY THE 
INDIVIDUAL AND INITIAL STEPS TOWARDS 
SOLVING THE PROBLEM. 

V 

{Section of Medical and Veterinary Research^ and the Svb* 
Committee on ^Science and ita Social Relations ’.) 

Prof. D. D. Kanoa, Madras, presided. 

1. Mr. a. C. Ukil, Calcutta, opened the discussion. 

The speaker pointed out how the industrial revolution in the West 
opened up new vistas of possibilities for their application to the mentcd, 
moral and physical well-being of man cmd how persistent State action, 
aided by concurrent economic, social and political progress, proceeded 
side by side to develop the environmental and medical services in these 
coimtries. The evolution of public health, as is understood in modem 
times, may be divided into three distinct phases : — (i) the period of 
empirical environmental sanitation, between 1840-1890, (ii) the period 
of scientffic control of communicable diseases by the application of the 
microbial causation of diseases, between 1890-1010, and (iii) the period 
of sociological medicine, during the last thirty years. 

The successive scientific advances enabled a fuller apprehension of 
positive health, heralded the emergence of sociological medicine and 
profoimdly affected the action and purpose of statecraft. Political and 
economic advance was followed by legislation and State action on the 
improvement of working conditions and occupational hygiene, school 
health including the provision of scho 9 l meals and preventive treatment 
of defects, the prevention of maternal and infant mortality, health, un- 
employtnent and invididity insurance, immunization against disease, the 
provision of better and safer food, and the prevention and care of mental 
deficiency, tuberculosis, venereal diseases and cancer. Subsidized housing 
a>Rd town-planning schemes made it possible for the eradication of riums. 
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tlie comstiruotion of sanitary dwoUmgg, the provkdon of die^-rcntal 
houses and the abatement 6f overcrowd^, reflating in a great improve- 
ment in sanitation and cleanliness. The result of studies through these 
stages has led to the development of Medicine fxmdamentally as a Social 
Science, wherein is applied practically every basic science directed towards 
a comprehensive programme of community service, including the main- 
tenance of health and prevention of disease. The cure of disease in such 
a programme becomes less voluminous in proportion to the rate of progress 
in the utilization of scientific tools for human welfare. It was pointed 
out that the failure to establish scientific me^odology in determining 
tools for community welfare was one of the chief factors for the present 
social lag throughout the world. 

The speaker emphasized the importance of applying the following 
essential principles for ensuring a sound public he^th administration: — 

(1) The different health functions for the whole community idiould 
be undertaken by a single governing body with necessary co-ordination 
between inter«related departments, aiming at ‘Centrs^ed direction 
and decentralized activity \ There must be provision for efficient tech- 
nical supervision and periodic appraisal of the efficiency of the organiza- 
tion. 

(2) Successful administrative procedure should be used on scientific 
investigation and demonstration of organizational methodology in the 
measures whereby knowledge can be applied in practice to groups of 
population. Arrangements should exist for the proper training of the 
necessary personnel in app] 3 ring such methodology. 

(3) Successful adminutrative procedure mu^ be based upon soimd 
financial considerations and practicable economic budgeting suited to the 
area and the population. 

(4) SuccessM community utilization of knowledge for public health 
reform and medical protection requires a certain level of politico-economic 
progress and education, for the health of the people is achieved through 
the people being themselves possessed of adequate education in, and 
practice of, health knowledge. 

(5) Owing to the mutual inter-dependence of the inter-related inheres 
of social services, the requisite co-operation between them sho^d be 
fully secured. 

(6) In order to ensure better working and to avoid mistakes in local 
effort, the ^hoU design of a public health planning must be before the 
mind from the very beginning. Any scheme, however small and localized, 
can confer benefit, if it is designed in relation to the scheme as a whole. 
Any public health planning which is not based on sound scientific and 
proven principles is boimd to fail. 

It was shown that India stood, at the present moment, from the 
public heidth point of view, where Great Britain stood 100 years ago, 
iJ.S.A. stood 75 years ago and where Bussia stood before the Bevolution 
(20 years ago). 

In tracing the trend of public health progress in British India, the 
speaker pointed out that while persistent endeavours were made in 
countries like England to apply the knowledge gained from scientific 
discoveries in developing the environmental and medical services, they 
were relegated to the backgroimd in India owing to the absence of euiy 
national health policy, the violation of the essential principles of soimd 
public health administritlon, the backwardness and lack of methodology 
m education, defects in the training and supply of technical personnel, 
inadequate scientific investigation of scientific problems, lack of supply 
of drugs and scientific appliances, lack of institutional planning, lack of 
co-ordhxation between the inter-related departments of social welfare 
and various financial handicaps to progress, such as the low economic 
level ^ the population, inadequate allocation of revenue to social welfare 
sertAMWi and the maint^ance of a top-heavy organization. On comparing 
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the revenue allotiuefitc for State expenditure in England and India, it 
is at once apparent that in India the social welfare services, like education, 
niedical and health protection and agriculture and veterinary work, are 
starved at the cost of the allocation on defence, police and jails, etc. In 
support, the following figures were quoted: 

Expenditure per cent of total revenue under the 
following heads. 



Defence. 

Police. 

Jails. 

Edu- 

cation. 

Medical 

and 

Public 

Health. 

Agriculture 

and 

Veterinary. 

England, Wales I 
and Scotland. . { 
British India 

27-3% 

4-0% 

0-1% 

18-2% 

22-7% 

1-4% 

(Central and 
Provincial) ; . 

34-0% 

8-0% 

1-3% 

8-4% 

3-4% 

1-7% 


The backwardness of India in health matters does not seem to be 
due so much to economic causes, ignorance or lack of medical facilities 
as to the lack of an efficient public health and medical organization 
based upon the most effective and economic methods of applying the 
results of scientific knowledge to the requirements of large imits of popu- 
lation. ^e backwardness is also due to the lack of scientific outlook 
and an inadequate investigation by the administrative authorities in 
developing suitable methods of organization and the lack of a policy to 
include both rural and urban population in a cognate whole. In the 
maintenance of health, the State must provide for a social machinery 
to assure living standards adequate for the purpose. The problem in 
India to-day is how to remedy the lag between scientific progress and its 
application to the benefit of the inffividual and'*the community, how to 
adapt our medicfld education to the needs of the changing socioHeconomic 
and political environment and how to train the necessary technical per- 
^nnel for carrying out the national health programme and to supervise 
its various units. Medical education needs a thorough reorganization 
adapted to the new requirements. Social science should be given an 
adequate import^ce in the curriculum. The Universities have hardly 
taken any initiative in organizing medical and veterinary research which 
is also shabbily treated and baSy organized by the State. Researches 
have been carried out on many diseases m India but very few of them have 
been undertaken to solve i^cific health problems and, even when the 
results of such investigations have been made known, there has been little 
attempt to apply them into practice. It is of the utmost importance, 
therefore, that this country should try to make up the scientific lag and 
make a general survey of the state of public health and of its health 
equipment, evolve a methodology of approach by carrying out sample 
experiments in different areas, to understand the reciprocal co-ordination 
between the inter-related depdrtments and its fij^cial implications 
and, based, on such findings, construct a coherent plan for a medico-social 
^licy, fixing, year by year, the stage to be reached and securing the 
^ancial resources, in cash and/or kind, and trained personnel required 
for the purpose. 

He then discussed the essentials for the planning, of public health 
^®fi©ral sphere and in provinces, with epecial reference to Bengal. 
The ‘First Steps* in a province, will be for the department of Rural 
Reconstruction, which dbould be a co-ordinating department, in every 
Evince to set up a Planning Committee, with sub-committees on Social 
Welfare and other technical fields of rural reconstruction. The ‘terms 











praouoaoie m ajpplying the various prinoipJaa for efflitfent ana adequate 
medieal ptotection in their own territories. 

The t raming of personneJ and the financial implioatioiw of each, a 
Boheme within the budgetary capacity of the provinces were indicated 
as follows: 

Any scheme in which the overhead charges exceed 30% of the total 
earmarked budget is financially unsoimd. Hence, the salaries of the 
services should be adjusted according to the income pw head and taxable 
capacity of the people. 

The close participation of the Rural Reconstruction Department, 
which aims at co-ordinated uplift of the population by all the branches 
of the administration, will not only speed up the public health progress 
but will save a considerable expenditure for social -cum-publio health 
advance. Any planning in public health is closely related to the general 


national planning. 

It is imderstood that the construction of the quarters for the health 
personnel and of the hospitals and clinics will be undertaken ^ by the 
local population. It will serve the purposes of national pliumii^, if cheap 
material which may last for, say, 20 years or so are utilized in the con- 
struction of houses and institutions. Russia was compelled to adopt 
this for economic reasons in the initial stages of planning. If the methods 
of naiional planning succeed, it may be possible to replace the temporary 
structures by more permanent materials at a later stage. It is al^ 
understood that the local population will voluntarily and actively parti- 
cipate in improving personal hygiene and environmental sanitation. 

The idea is that both curative and preventive services should form 
a co-ordinated whole, ensuring every rural family a minimum of attention, 
especially in cases of confinement, infectious disease or accident and in 
those requiring urgent medical aid. The aim should be to prepare a 
stage-wise and co-ordinated programme * covering at one and the same 
time both central and local administrations both environment of the 
family and the individual, both preventive and curative action *. 

The provincial organization, imder the three heads of administration, 
urban and rural service and training of personnel in experimental and 
community field training centres, has been proposed to be placed under 
a Ministry of Social Affair^ with a Director of Public Hemth or Social 
Affairs directly under him, which will secure intimate co-operation and 
co-ordination, through the Department of Rural Reconstruction, vdth the 
Department of Education, Department of Agricullure, Co-ojieration and 
Arumal Husbandry, Department of Industries and Department of Com- 
munications and Irriga^mn. As curative ipedicine occupies a small portion 
of modem preventive medicine, the posts of the Surgeons or Inspector- 
Generc^ and of District Civil Surgeons have been proposed to be 
abolished. The direotjk>il, ^tooirol and supervision will extend from. the 
provincial headquarters to the peripheral units, comprising of two Union 
Boards and a population of f0»000. 

The peripheral units will have a clinic and dispensary with 5 beds 
and are expected to deal ordinarily with the correction of minor defects 
axKi ai]mei3Ctii^ along with activities in connection with physiological 
health. 4*^ peripheral or primary centres will constitute the next 
higher or ^Ih^na Centre, which will have a hospital of 50 beds. This 
will lialiad up to the next higher unit or Sub -divisional Centre with a 
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100-bed boiqpttid mA Fkld Training Centre for Junior personnel. The 
sub-divirfonal oentres^ in their turn, will be connected with the more 
highly dov(rfoped I>istrlct Centre, with a 250-bed hoepital, experimental 
trS^ng field for the next higher type of personnel and an attached 
medical school. The district health administration constitutes a link 
between the provincial and local adzmnistrations. The Provincial head- 
quarters will provide for the training of the superior perscmnel and 
specialized semces and will organize research activities for solving 
public health problems offered by the district and subsidiary units. 

The recurring annual expenditure of a peripheral or Primary Centre 
will be B8.3,000 per annum, that for a Thana Unit Rs. 10,000 per annum, 
that for a Sub-divisional Unit Rs.50,000 per annum, and that for a 
District Centre Rs. 1,000, 000 per annum. This gives us an expenditure 
of about Rs.2 crores for the rural public health organization in all the 
districts in Bengal. To this should be added the cost of central or basal 
supervision and training centres — ^Rs. 100,000 per annum. Rs20 lakhs 
per emnum will be needed for 4 Medical Colleges in the four Divisions of 
the Province for training the medical and public health personnel. 
Besides these, a certain amount of capited expenditure (about Rs.5 lakhs) 
will be needed for equipping the institutions with instruments, appliances 
and drugs. The development of the Social Assistance machinery is an 
urgent necessity in the furtherance of public health. The expenditure 
on this heckd cannot be visualized at this moment. 

Let us see how the expense can be met. The urban population in 
Bengal is only 1/1 6th of the rural population. Yet the per capita expen- 
diture on curative and preventive services in municipal areas is R8.2-1-0, 
in comparison with only 4 annas and 4 pies in rural area. In order to 
divert more money to rural areas, the Government contribution to 
municipal areas will have to be starved for some years. Excluding 
municipal areas, the Government contributions at present (1040-41) 
Rs.87,83,000, the District Boards R8.35,38,000 and the Union Boards 
Rs 14,21,403 or a total of Rs. 1,37,42,403 to preventive and curative 
services. Thus there is a deficit of a like amount in financing the suggested 
scheme. This can be made available from various sources. One of them 
is more €k)V€»mment allocation to social welfare services. Out of a total 
per capita expenditure of Rs.2-7-6 in Bengal, Police expenditure absorbs 
8 anncbs and Goneral Administration and Administration of Justice together 
absorb 8 annas 6 pies per capita or a total of more than a rupee per head, 
while only 4 annas 6 pies per capita is given for education and 3 annas per 
capita for preventive and curative health services. Compare this with 
the per capita expenditure of Rs.35-9-0 for education and Bs.6-9-0 for 
medical relief and public health in England and Wales. The other inter- 
related social services in provincial budgets are similarly starved at the 
expense of a top-heavy and maladjusted administrative machinery. 

The scheme, the speaker thought, could be made practicable if the 
cost now being paid by the Government, District Boards and Union 
Boards was doubled. The present per capita expenditure from these 
sources is 2 annas 9 pies, 1 anna 1 pie and 6 pies respectively or a total 
of 4 anmus 4 pies. By doubling the figures, the respective contributions 
will be 5 annas 6 pies, 2 annas 2. pies and 1 anna or a total of 8 annas 
8 pies. The municipal expenditure is left out of account. This is the 
minimum from where a start c€m be made. Provided the willing co- 
operation of the population is secured, enough contributions in kind will 
be available for the expansion of the scheme. 

The initial steps in planning ccm be undertaken in Bengal if tlie cost 
on public health and medical protection now being paid by the Govern- 
ment, District Boards and Union Boards are doubled, i.e., at a per capita 
expenditure of 5 emnas 6 pies, 2 annas 2 pies and 1 anna respectively 
or a total of 8 annas 8 pies per head of the population, provid^ proper 
co-ordination and co-operation are secured with the inter-related dep^- 
ments of Education, Agriculture, Co-operation and Animal Husbandry, 
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of refereaoe* should be to define clearly the objective, to advise on thn 
best way of developing ai^ demonstraUna the methodology of work 
proposea, to determme the method of training of the require personnel 
and of proper supervision, oontrol and maintenance of their level of 
efficiency, and to suggest the best means to secure the co-operation and 
oo-ordiximon of the inter-related departments. 

If the suggestions put forwara are looked at from a constructive 
view-point, the Rural Reconstruction departments in the various provinces 
will M expected to move in the matter and to determine what steps are 
practicable in applying the various principles for efficient and adequate 
mediocd protection in their own territories. 

The training of personnel and the financial implications of such a 
scheme within the budgeteuy capacity bf the provmces were indicated 
as follows: 

Any scheme in which the overhecul charges exceed 30% of the total 
earmarked budget is financially unsound. Hence, the salaries of the 
services should be adjusted according to the income per head and taxable 
capacity of the people. 

The close peu*ticipation of the Rural Reconstruction Department, 
which aims at co-ordinated uplift of the population by all the branches 
of the administration, will not only speed up the public health progress 
but will save a considerable expenmture for social-ctxm-publio health 
advance. Any planning in public health is closely related to the general 
national planning. 

It is imderstood that the construction of the quarters for the health 
personnel and of the hospitals cmd clinics will be undertaken by the 
local population. It will serve the purposes of national planning, if cheap 
materials which may last for, say, zO years or so are utilized in the con- 
stmction of houses and institutions. Russia was compelled to adopt 
this for economic reasons in the initial stages of planning. If the methods 
of national planning succeed, it may be possible to replace the temporary 
structures by more permanent materi^s at a later stage. It is al^ 
understood 'that the local population will volimtarily and actively parti- 
cipate in improving persoiw hy^ene and environmental sanitation. 

The idea is that both curative and preventive services should form 
a co-ordinated whole, ensuring every rural family a minimum of attention, 
especially in cases of confinement, infectious disease or accident and in 
those requiring urgent medical aid. The aim should be to prepare a 
stage- wise and co-ordinated programme ‘ covering at one and the same 
time both central and local administrations both environment of the 
family and the individual, both preventive and curative action*. 

'!^e provincial organization, under the three heads of administration, 
urban and rural service and training of personnel m experimental and 
community field training centres, has been proposed to be placed tmder 
a Minist^ of Social Aifairef with a Director of Public Health or Social 
Affairs directly imder him, which will secure intimate co-operation and 
co-ordination, through the Department of Rural Reconstruction, with the 
Department of Education, Department of Agriculture, Oo-operation and 
Amn^l Husbandly, Department of Industries and Department of Com- 
munications and Irrigation. As curative ipedicine occupies a small portion 
of modem preventive medicine, the posts of the Surgeons or Inqiector- 
Generals and of District Civil Surgeons have been proposed to be 
abolish^. The direction, control and supervision will extend from, the 
provincial headquarters to the peripheral units, comprising of two Union 
Boards and a population of 20,000. 

The peripheral unite will have a clinic and dispensary with 5 beds 
and are expected to deal ordinarily with the correction of minor defects 
and ailments, along with activities in connection with physiological 
h^th. 4—5 peripheral or primary centres will constitute the next 
higher or Thana Centre, which will have a hospital of 60 beds. This 
will l]p linked up to the next higher unit or Sub-divisional Centre with a 
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100-bed hospital and Field Training C^tre for junior personnel. The 
sub-divisional centres^ in their tam» will be connected with the more 
highly developed District Centre, with a 250-bed hospital, experimental 
training field for the next higher type of personnel and an attached 
medical school. The district health administration constitutes a link 
between the provincial and local administrations. The Provincial head- 
quarters will provide for the train^ of the superior personnel and 
specialized services and will oiganize research activities for solving 
public health problems offered by the district and subsidia^ units. 

The recurring annual expenditure of a peripheral or Primary Centre 
will be Ks.3,000 per annum, that for a Thana Unit Ks. 10,000 per annum, 
that fbr a Sub-divisional Unit B8.50,000 per annum, and that for a 
District Centre Rs. 1,000,000 per annum. This gives us an expenditure 
of about R8.2 crores for the rural public health organization m all the 
districts in Bengal. To this should be added the cost of central or basal 
supervision and training centres — ^Rs. 100,000 per annum. R8 20 lakhs 
per annum will be needed for 4 Medical (Alleges in the four Divisions of 
the Province for training the medical and public health personnel. 
Besides these, a certain amount of capital expenditure (about R8.5 lakhs) 
will be needed for equipping the instituting with instruments, appliances 
and (hrugs. The development of the Social Assistance machinery is an 
urgent necessity in the furtherance of public health. The expenditure 
on this head cannot be visualized at this moment. 

Let us see how the expense can be met. The urban population in 
Bengal is only 1/1 6th of the rural population. Yet the per capita expen* 
diture on curative and preventive services in municipal areas is Rs.2-1-9, 
in comparison with only 4 annas and 4 pies in rural area. In order to 
divert more money to rural arecus, the Gk>vemment contribution to 
municipal areas wul have to be starved for some years. Excluding 
municipal areas, the Government contributions at present (1940-41) 
Rb. 87,83,000, the District Boards Rs.35,38,000 and the Union Boards 
Rs. 14,21,403 or a total of Rs. 1,37,42,403 to preventive and curative 
services. Thus there is a deficit of a like amount in financing the suggested 
scheme. This can be made available from various sources. One of them 
is more Government allocation to social welfare services. Out of a total 
per capita expenditure of Rs.2-7-5 in Bengal, Police expenditure absorbs 
8 annas and General Administration and Administration of Justice together 
absorb 8 anncus 6 pies per capita or a total of more than a rupee per head, 
while only 4 annas 6 pies per capita is given for education and 3 annas per 
capita for preventive and curative health services. Compare this with 
the per capita expenditure of Rs.35-9-0 for education and Rs.6-9-0 for 
medical relief and public health in England and Wales. The other inter- 
related social services in provincial budgets are similarly starved at the 
expense of a top-heavy and maladjusted administrative machinery. 

The scheme, the speaker thought, could be made practicable if the 
cost now being paid by the Government, District Boards and Union 
Boards was doubled. The present per capita expenditure from these 
sources is 2 annas 9 pies, 1 anna 1 pie and 6 pies respectively or a toted 
of 4 annas 4 pies. By doubling the figures, the respective contributions 
will be 5 annas 6 pies, 2 annas 2. pies and 1 anna or a toted of 8 annas 
6 pies. The municipal expenditure is left out of eiccount. This is the 
minimum from where a stcut can be meide. Provided the willing co- 
operation of the population is secured, enough contributions in kind will 
be available for the expansion of the scheme. 

The initial steps in pleuming can be undertaken in Bengal if fhe cost 
on public health a^ m^ical protectioi> now being paid *by the Govern- 
ment, District Boards and Union Boards are doubled, i.e., at a per capita 
expenditure of 5 annas 6 pies, 2 annas 2 pies and 1 anna respectively 
or a toted of 8 annas 8 pies per head of the population, provid^ proper 
co-ordination and co-operation euo secured with the inter-related depe^ 
ments of Education, Agriculture, Co-operation and Animcd Husbandry, 
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CommuDicatioiui and Xh^aation, Indnstrlea and Bural Reconstruction, 
In such a scheme, the overhead charges on establishment should not exceed 
80% of the total earmarked budget, as it will be a financially unsound 
poHoy to do so. 

The provincial Governments should set up, as a first step, a Planing 
Committee, the terms of reference being to define clearly the objective, 
to advise on the best way to develop and demonstrate the methodolo^ 
of work proposed, to determine how best to apply the same in the wide 
fields around, to determine the method of training the required personnel 
and of proper supervision, control and maintenance of their level of 
efficiency and to suggest the best means to secure the co-operation and 
co-ordination of the inter-related departments. 

2. Lt.-Col. a. O. Chatterjub, Calcutta. 

Reasons for the lag, 

1. Abandonment of social and religious injunctions — 

Old social and religious injunctions, many of which were hygienic 
in nature, have been given up but the new scientific principles have not 
been taken up. 

2. Changes in social order — 

Changes in society, both communal and racial, have occurred which 
have complicated the problem and raised new issues. 

3. Lack of directions — 

No one has pointed out the essential necessity of the individual as 
well as society of adapting itself to the changing conditions, and how 
such adaptation may be done. 

4. Lack of Health Education — 

No systematic and proper health education is given — particulcurly in 
schools. Neither Environmental Hygiene nor Personal Hygiene impressed 
or implemented — ^particularly Personal Hygiene which is the real basis 
of all improvement of health. 

5. Absence of a National Health Policy — 

There has been up till now no national health policy. It is partly 
due to lack of sufficient reliable data and consequently lack of knowledge 
regarding comprehensive methods that may be adopted. People also 
were too apathetic, partly due to continued effect of disease, lack of proper 
nutrition, economic backwardness, and partly due to complacency in 
the name of religion and fatalistic outlook (stereotyped organization), semi- 
starvation. There was no State drive to wean the people out of this 
morass of degeneration. 

6. Changes in political administration — 

Political unsettlement is an important factor in impeding progress 
in this line ^d, as a result, there has been no comprehenswe research and 
demonstration. There was no definite and sustained policy of the centre 
to meet the requirements of the coimtry. Too much attention weu 9 being 
given to politics. 

7. Lack of co-ordination of work — 

As a corollary to the absence of a definite and sustained policy, lack 
of co-ordination of work was inevitable. 

8. ^ Lack of co-operation between Departments whose activities have 
a bearing on public health, such as between Public Health, Education, 
AgricuHnfe and Communications. 
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Initial Steps of Solution, 

1. A clear conception of the present-day socio-economic condition 
of the coimtry is necessary, which is variable to a certain extent from 
province to province. 

2. A comprehensive National Health Policy to be enunciated from 
the Centre — ^Formation of a Ministry of Social Welfare winch would 
combine Curative and Preventive medicine in all its aspects, improvement 
of physiccd fitness, social activities such as housing, provision of nutrition 
to school children and needy pregnant and nursing mothers, Health and 
Unemployment Insurance on a contributory basis, old age pensions, 
organized State help and charity, establishment of Workhouses and 
Industrial Homes for the indigent, training of Public Health (which 
includes Medical) workers and of personnel of the auxiliary services. 
Central Advisory Board of Health. 

3. Provinces to implement the policy with such adaptations as 
required to meet local needs. Present Public Health (which includes 
Medical) organization for such implementation is wholly insufficient 
and requires complete and comprehensive reorgemization. 

4. Creation of public opinion about a National Health Policy by a 
concerted drive. 

5. Replanning of the educational system to meet the changed 
conditions and new way of living so that a more useful citizen is evolved 
who will demand a better and h^her standard of living. 

6. Intensive health education amongst school bhUdren and the adults 
with practical implementing in which the teachers must take an active 
part, particularly in the schools. Proper books on health education are 
needed. A plaxmed scheme should be evolved to suit each province and 
make use of all available media for imparting such education. 

7. Enacting of Public Health Acts and Manuals — central and 
provincial — strengthening the position of public health executive staff 
by giving them statutory powers by legislation so that preventive work 
may be carried out with a sustained effort and intensified. 

8. Compulsory teaching of Hygiene in all the classes of school 
period. 

9. Socio-economic aspects of Hygiene should be stressed in the 
High Schools. 

10. Compulsory examination in Hygiene in the Matriculation and 
School Final Examinations — ^matriculates to get their certificates only 
after actively participating for a period in a programme of health education 
amongst the masses and the primary schools. 

11. Organization of suitable personnel and machinery for making 
up the lag and avoid the deficiency in future: — 

(a) Practical socio-economic aspects of Hygiene to be studied in 
Medical Colleges and Schools and ^cial Workers* (which 
include Nurses and Health Visitors) Training Institutions; 

(&) Training of School Nurses; 

(c) Inauguration of School Nursing Service; 

(d) Reorganization of Rural and Urban Public Health Services; 

(e) Organization of Mental and Industrial Health Services; 

(/) Evolution of a polyvalent medical-social worker. 

12. Introduction of National Health Insurance in the provinces in 
restricted group first and tiben gradual expansion. 

13. Enactment of constructive social laws and ^regulations which 
would help in the organization of the society on a planned basis. 

14. Finanoe-— 

(o) Central Qovernxnent to give gnmts-in-aid — particularly for 
research in methodology (Teaching and Demonstration). 
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{b) Graate*in<aid by Provincial Qovemxnent to—* 

(i) Local bodies and voluntary organizations on a pro rcUa 

basis for social activities* e.g., housing* nutrition schemes* 
school medical inspection* medical relief and health 
education; 

(ii) Establishment of training institutions; 

(iii) Financing of health and unemployment and old age pension 

schemes; 

(iv) Finances of organized State help and charity and establish- 

ment of workhouses* etc. 

15. Encouragement of voluntary co-operative organizations which 
try to improve physical and mental h^th. 

16. Co-ordination of work of cdl ihose departments whose activities 
have a bearing on public health such as that of Communications (including 
nulways and shipping)* Education* Agriculture* Public Health and 
Industries. 


3. Kai Bahadub K. N. Baqohi* Calcutta. 

The reasoxLS for the lag of utilization of medical knowledge by the 
public have been described by Dr. Ukil in his presidential address and 
any attempt to discuss this question is likely to be a repetition of his 
statements. I would* therefore* touch upon certain factors which he did 
not discuss in detail in his address. 

The utilization of medical knowledge by the individual implies two 
factors* viz. (1) the ccmacity of the individiial to imbibe the knowledge* 
and (2) the capacity of medical men to propagate it by popular methods. 

(1) The ectpcioUy of the individual to imbibe medical krundledge : — 

The causes that stand in the way of acquiring medical and public 
health knowledge by the individual s^e many but the following are more 
imx)ortcuit 2 — 

(i) The defective system of education in the country-— extending 

from the primary education imparted to little children 
right up to the top— the finished product of the university. 
l%e school children are made to learn something of every- 
thing including elementary science and hygiene but the 
method of teaching is so unscientific on account of having 
no laboratory for practical work and the capacity of the 
teachers in dealing with scientific subjects is so poor that the 
students do not find any mterest in these subjects and they 
pass out with an absolutely blank mind ^though they 
commit to memory all about the cause and spread of malaria* 
cholera* small-pox* etc. The so-called educated people or* 
in other words* the graduates of our universLties get the 
much coveted define mostly by cramming. They seldom 
show power of obseivation and discrimination or possess 
a strong common sense. Very few care to leam anything 
outside the prescribed syllabus. The ^arts men* hardly 
take interest in scientific matters even renderd in popute 
forms. The utilization of medical knowledge by such 
people at their own initiative is* therefore* unthmkable. 
In this reqpect they offer sad contrast with average 
European students. 

(ii) The trciditional superstitious ideas and the unscientific teach- 

ings of other systems of medicine regarding the cause and 
spread of infectious diseases* for example* are firequently 
antagonistic to scientific truths but they are so deeply 
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ingrained in the minds of even the most educated people 
that they cannot be shaken off. 

(iii) The large number of quacks of all systems of medicine prac- 

tising in rural areas are instrument^ in propagating the time- 
honoured superstitious and erroneous ideas. They mix with 
the public more intimately on account of their cheapness 
and easy approachability. The half truths or untruths 
if repeated frequently are t^en as truths and as such the 
scientiffo truths create no impression on them and make 
room for superstitious beliefs propagated by these people 
indefinitely. Young people brought up in villages in such 
an environment are not likely to get rid of those queer ideas 
and to aco^t the scientific principles of medicine and 
public health. 

(iv) Intelligent medical men with scientific trend of mind and 

up-to-date knowledge in preventive medicine who are 
competent to disseminate medical knowledge are always 
anxious to settle down in big towns and seldom in rui^ 
areas which are the nurseries and training grounds of 95% 
of the population. Even when they settle in villages, they 
cannot mix with the people so intimately as the quac^ 
do— the superiority complex stands in the way. Thus in 
the fight between the unscientific teachings of the quacks 
on the one hand and the scientific principles of preventive 
medicine taught by qualified medicfJ men on the other, the 
former always win on account of the overwhelming number, 
the persistency and approachability of their sponsors. 

(v) The uneducated or illiterate people are believed to be in- 

capable of imbibing elementary scientific ideas and as such 
the lag is usually attributed to illiteracy prevailing in the 
country. It is partly true but is not the whole truth. 
It is frequently observed in the countryside that the old 
system of incidcating mligious ideas among the masses by 
what is known as **Kat]m**, i.e^f teaching through talks, 
stories and songs, works very^ well and I have personally 
known illiterate persona acquiring in this way a fair con- 
ception of teachi^s of various Hindu scriptures. What is 
possible with religious teachers are not likely to be impos- 
sible with scientific men for propagating scientific knowledge. 
What is wanted are capable teachers and a system of teach- 
ing which may appeal to the illiterate village people. 

(2) The eapaoUy of medical men to dieeeminate medical knowledge : — 

The capacity of a medical man to help in the diffusion of medical 
and public heiJth knowle^e among the masses depends on (1) his soimd 
knowledge of the subjects concerned, (2) his ability to make.it jrapular 
by introducing tellca a^ stories into the subject-matter, (3) his ability to 
study the capacity of the learners according to their age, sex, intel- 
ligence and education, (4) his capacity to mix freely with all classes of 
people without assuming an air of superiority, and (5) his ready wit and 
sympathy. 

The possession of a sound medical knowledge with special reference 
to preventive medicine by an average medical man is rather a rare pheno- 
menon in these days. The existing system of medical education in some of 
our universitiea is far from be^ desirable. The follo'q;^ defects may be 
mentioned— (1) inadequate teaching of basic subjects such as, ph^os, 
organic and biochmuictey, physblogy and anatomy in the preclinicai 

and preventive and ferensio m^cine in the clinical sta^, (2) in- 
clusion of too many subjects in the curriculum and consequent neglect 
of more important subjects, e.g., inclusion of pharmacology (with materia 
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medioa and phannacy), toxioc^gioal chemistry, elementary pathology 
and bacteriology in the group along with anatomy, physiology and org^c 
chemistry as lately introduced in Bengal, (3) appointment of inefficient 
and inexperienced demonstrators (on short term contracts — sometimes 
on a paltry sum of R8.50 p.m.) for purposes of economy, (4) too frequent 
change or transfer of demonstrators — preventing them from gathering 
experience in the art of teaching, cmd the most important of all is (6) 
the absence of museum for purposes of demonstration specially in pre- 
ventive and forensic medicine. A Public Health Museum, like the one in 
Drasden in Germany, goes a long way not only in teaching medical students 
but cdso in the diffiision of public health Imowledge amon^ the masses. 
It is high time that the importance of museum in teacmng soientiflo 
subjects should be realized by the State, the university and the public* 

The remedy lies with the Indian Medical Council which should not 
rest satisfied with merely wr^ing powers from the vested interest 
but exercise them judiciously in the constructive side of the medical 
education in India. It diould show a little more alertness of perception 
and enforce its authority on the universities which are responsible for 
gradual deterioration in the quality of our mediocd graduates. It 
should not allow further lowering of standard which is bound to 
follow, in course of time, since the New Regulations have been in- 
troduced without making necessary provisions for teaching of basic 
scientific subjects up to the required standard, as has lately been permitted 
in Bengal. There has been no change in the syllabus of physics or 
chemistry in the I.Sc. course and the students admitted in medical colleges 
imder the University of Calcutta since 1940 and also in other universities, 
do not possess the faintest idea of chemistry of important metals, such as, 
arsenic, bismuth, antimony, manganese, barium, radium, etc. The 
reduction of the period of training in medical colleges from 6 to 5 years, 
as has lately been done, would do no good whatever to the students but 
would definitely lower the standard and produce graduates no better 
than ordinary licentiates. Larger number of subjects treated in a shorter 
period would cripple the mind of young students and induce cramming. 
The Calcutta University prescribes only 30 lectures for teaching organic 
and physical chemistry (up to B.Sc. standard) and ‘ 25 lectures or demon- 
strations for pharmacology including materia medica, practical pharmacy 
and toxicology*. The result of such a course of training may better be 
imagined them described. 

The production of this type of medical men is not likely to help 
in the utilization of medical knowledge by the individual. They may be 
safely appointed as lecturers in medical colleges where they would dictate 
notes to the imwilling listeners in lecture theatres, but they are not 
likely to be useful in popularising medical knowledge among the masses. 
The best products of the university may be competent for this purpose 
but these ambitious young onen are not likely to settle in rural areas. 

It may be contended that for teaching illiterate masses in villages, 
an ordinary medical mw without any special aptitude m basic and 
public health sciences or in medicine and obstetrics, may serve the purpose 
quite nicely. I do not contribute to this view. Such a medical man would 
only hoodwink the masses and perhaps propagate newer kinds of half 
truths among them. Unless he possesses a sound and clear knowledge 
of the subjects he would teach, he cannot successfully take part in dis- 
cussions and he is sure to be found out when discussing scientmc subjects 
among educated men and will thus offer a distinct set-back to the cause 
he si^orts. 

Solution of the problem . — ^The solution of this problem has been dis- 
cussed m details by Dr. Ukil and Col. Chatterjee and I do not like to repeat 
them here. 
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XXn. GROWTH STUDIES WITH SPECIAL REFERENCE 
TO NUTRITION AND PUBLIC HEALTH 
SURVEYS. 

(Section of Medical and^ Veterin^ Research, in co-operalion with 
the Indian Statistical Conference,) 


Db. J. B. Gbaht» Calcutta, presided. 

Prof. P. C. Mahalanobis gave a general summary of a joint paper 
with Mrs. Chameli Bose *on age-specifio family consumption index*. 
This evoked a keen discussion in which doctors and biochemists parti- 
cipated revealing admirably in this way the need for collaboration between 
nutrition workers and statiaticiana. 

An important paper * on the height, weight and chest measurements 
of schoolboys in Bombay* by Dr. J. N. Mehta, Dr. K. S. Mhaskar and 
Mr. L. S. Vaidyanathan was presented by Prof. Mahalanobis in the absence 
of the authors. 

Mr. K. Raghavan Nair explained the computational methods used 
in a paper on the * standard error of reproductive rate from sample sur- 
veys’. 

Dr. P. V. Sukhatme, New Delhi, gave a summary of his joint paper 
with N. Sundar Bao on * seasonal variation in the incidence of Fil^ial 
Lymphangitis*. 

Mr. K. R. Nair then spoke on the paper on * heights and weights of 
school children in Madras *. 

This was followed by a discussion. Mr. S. Sen Gupta, Calcutta, 
presented a preliminary note on * measurements of blood pressure in 
Calcutta*. 

The Chairman then called upon Professor Mahalanobis to speak on 
the application of statistics to problems in public health. He was followed 
by Dr, G. Sankarem, Calcutta, who explained the difficulties and pitfalls 
in a routine use of statistical methods. 

The Chairman, in his closing speech, emphasized the great value of 
statistical tools in public health and medical studies, and metde an app^l 
for closer collaboration between the Public Health workers and the Statis- 
tical workers. 


XXm. DROUGHT RESISTANCE IN PLANTS. 

(Section of Agriculture.) 


Mb. K. Ramiah. Indore, presided. 


1. Pbof. P. Pabija, Cuttack. 

Induced Drought Resistance by pre-germincd treatment. 

Besistiuxoe by plants to drought must clearly be dependent on 
capacity to absorb water against resistance offered by spil moisture and 
w withhold water against k>ss by transpiration and finally to maintain 
lue with reduced water content of the cell. This capacity is in general 
hereditary. 

Recent work on vernalization has, however, rfiown how deficiencies 
mature life can be remedied by pregerminal treatments. Pregerminal 

8 
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trefttment as regaxda drou^t resisbuioe was mdertaken in paddy. Tbit 
results are enoouraging ana the work is beipff continued. It is too ear^ 
yet to give a ph^Mogioal explanation or this induced capacity for 
resistance to drought. 


2. Pbof. B. N. Singh, Bencnres. 

Physiology of Drought EeHstance^ 

The problem of drought resistcuioe in plants is one of considerable 
interest both from the fundeunental and applied points of view; on the 
fundamental side it would give an insight into the morphologiocd and 
physiologioal characteristics of an ixhportant class of plants in relation 
to their peculiar environment while the imderstanding of the underlying 
principles of drought resistance would be of immense value in the pro- 
duction of drought resistant strains and in stud 3 dng crop ecology specify 
in dry farming regions. 

The problem is discussed with particular reference to the following 
aspects: — 

(i) Definition of drought depending upon the conditions of soil 

and atmosphere; causes of drou^t; ecological grouping of 
plants on the basis of their growth characteristics. 

(ii) Water balance of drought resistant plants under var 3 ring 

conditions of moisture availability; susceptibility of plants 
to drought at various stages of their development. 

(iii) Morphological and physiological characterirtics of drought 

resistant plants, viz., root development, leaf structure, 
cell-size, and abrorption, transpiration, photoGfynthesis and 
physico-chemical properties of ^lant sap with special refer- 
ence to *Boimd-firTO’ water relationship. 

The explanation is offered that the basis of drought resistance in 
plants may be the capacity of the protoplasm to endure fluctuations 
m its imbibed water content without the loss of vital activity. The other 
anatomical and physiological peculiarities accompanying drought resistance 
may be secondsi^. 

The bearing of droi^ht resistance on the production of crops in drv 
regions and the production of ecological factors in agronomic practice is 
discussed. 


3. Mb. F. C. RaHBjA, Tarnab. 

Physiological Basis of Selection for Drought Resistance. 

Since the factors or a combination of factors that make for 
xeromorphism of a variety reside within the individual cells, the basis 
of selection for drought resistance should be the study of physiological 
characters of the plant. Experimental evidence on varieties of cotton and 
sugarcane has shown that such a basis can be employed for selection of 
droui^t resistant varieties. Transpiration and respiration experiments 
on cotton indicated that ‘Quiescent state of Wilting*, ‘wherein forces of 
supply and demand of water in the cellular units tend to bahmoe at par, 
can serve as of the bases of selection for drought resistance. Further- 
more, a ver|r hl^ coefficient of correlation between osmotic pressure of 
cell sap, a chmcter of special importance in drought resistance, and 
electrical conductivity in wilting plants indicated that both are important 
attributes for selection of hardy varieties of crops. 

Relative respiration rate of eight sugarcane varieties exhibited that 
drought resiifcant varieties had relatively lower respiratory quotient of 
roots, ttHder Identical conditions of growth, than the relatively less- 
* 8b 
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aroug^t reiistant ozies. This fact confirmed the observation that greater 
vertical penetration of roots of sugarcane varieties was indicative of their 
drought resistant nature. Hot weather respiration studies showed that 
with increasing drought the rate of foliar re^iration remained constant 
for a longer period in drought resistant varieties than in others. Relative 
efficiency of water requirements and the rate of transpiration of varieties 
did not indicate emy specific relationship to the drou^t resistant nature 
of vaneties. 

4. Mb. 1. M. Bjlo, Mb. M. Avzal and Pbof. J. C. Lxtthba, Punjab. 

Physiological aspect of Drought Resistance in Crop Plants — Bajra and Wheal, 

A detailed study of drought resistance in crop plants is qtiite essential 
to Indian agriculture, as large areas in India depend mainly on the vagaries 
of Monsoon rainfall for crop growth and they are characterized by severe 
drought conditions of different durations. The physiological aspect of 
the problem of drought resistance has been under study for the last five 
years at the Punjab Ihy Farming Resecurch Station. 

Two types of bajra {Penisetum typhoideum), local and Al/3, and 
two of the wheats, 9D and SA, were selected for these studies. Comj^rative 
studies were made on the root-systems, growths in different seasons, 
morphological characters, stomata, leaf-area, leaf-water-content, osmotic 
pressure of leaf-sap, rate of transpiration, water requirement, photo- 
S 3 mthetic activity, and resistance to soil and climatic drought under 
controlled conditions. Bajra local and wheat 9D are found to be com- 
paratively better suited to dry areas than bajra Al/3 and wheat 8A. 

A laige number of main roots penetrating to deeper layers, narrow 
and coriaceous leaves with less total leaf-area, thin stems, shorter plants, 
rapid early growth of the shoot, early tillering, a larger number of tillers, 
early earing, a longer period over which ears continue to appear and 
mature, a larger number of mature ears (thoug^ small) instead of s^le 
big ear, a lower rate of tiwspiration during %e maximum transpiring 
period, less intense fluctuations in transpiration due to drought, a lower 
total amount of water transpired, a higher photo -^mthetic activity during 
drought periods, a higher osmotic pressure of leaf-sap, a consistently 
lower lem-water-content, a higher frequency for stomata and epidermal 
cells and a smaller size for the same, a higher stomatal linear oonsbmt and 
stomatal index, and capacity to recover better after soil drought are all 
found to be characteristic of plants which can grow successfully in dry 
farming areas, because most of them enable the plants to escape, endure, 
or resist drought. Most often, the strains that are successful imder these 
conditions are drought-enduring or drought-escaping, though they are 
often called drought-resistant. 

The results are discussed in detail and the importance of a proper 
selection of strains for dry areas from a study of the above characters is 
pointed out. 

5. Mb. K. Kumab, Beimres. 

Drought resistance is a question of * bound water* and ‘free water*, 
the resistant varieties possessing more of the former. The content of 
hydrophilic colloids in the resistant varieties is also higher than in the 
non-resistant varieties. 


6. Db. B. Sakjiva Rao, Bangalore. 

True drought resistance is associated with the existence of hydro- 
philic colloids in the plant sap. Work was undertaken at the C^trat 
College, Bangalore, at the instanoe of the Department of Agriculture, 
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My0ox^ on dron^t lesisiance in rctgi (EleuMne coracana) and it baa aho^M 
that tfa^ is conation between droiight resistance and the hydro|diilie 
contents of the plant sap. There is necessity for close co-operation i^tween 
colloid chemists and plant physiologists in the study of drought resistance, 

7. Mb. N* K. Akaktha Bao, Benares. 

Plants may escape drought by maturing before drought conditions 
set in or plants might endure drought by economizii^ their water re- 
quiren^ents. It is possible to clasofy plants ecologically as drought 
escaping, drought evading, drought enduring and drought resistant. 
The question of *bound water* is important in explaining real drought 
resistanoe. 


8. Db. V. G. Faksb, Indore. 

The question whether the induced drought resistance mentioned 
by Prof. Parija is inherited is worth studying with reference to both the 
aspects, viz., germination under adverse conditions and drought resistance 
during later growth, by using some suitable index such as the amount of 
water in the plant. Progenies of treated and control seed may be thus 
compared. 

9. Mb. Ghiasuddik Ahmad, Lyallpur. 

Physiology of Drought Pesisiance, 

Drought resistanoe in pl^ts in many cases may mean losing less 
water in the process of transpiration. Transpiration takes place through 
very minute capillaries and if the size of these capillaries is small, tran- 
spiration will be less. It may be possible to evolve certain t3q)e8 or races 
of plants by breed^ which will resist tran^iration loss by having smaller 
capillaries and this might mean permanent improvement. At present, 
the behaviour of the plant under drought conditions is perhaps the only 
criterion to go by with regard to the size of the capillaries. 

10 . Bao Bahapub T. S. Ybhxatbamah, Coimbatore. 

Breeding for Drought Resistance — Sugarcane. 

The two main classes or groups of the sugarcanes of the world — ^viz. 
the thick ‘noble ’ types and the thinner sub-tropical t3rpes— ^iiffer from each 
other in many important field characters cmd relative drought resistanoe 
18 one such. 

In sugarcanes both the depth of roots as well as the extent of leaf 
areas have shown correlations with drought resistance. The rolling of 
the lamina halves — either inwards or outwards — ^has been noticed to be 
a probable adaptation egaii^ temporarily prevalent drought conditions. 

The easiest and most direct method of testing new productions against 
any set of drought conditions is to actually grow them under the condi- 
tions. The resistance needed is often associated with other characteristics 
in the environment which it is not possible to reproduce at a central 
research station with much confidence. In the Indian sugarcane work, 
there have been Indications that adaptations of the plant, like the ones 
now under discussion, show the greatest development only under the 
actual conditions. Oo .281 has been found to resist waterlogging, first 
in Florida and subsequently in India, and its roots ^ow definite air 
spaces in the ground tissue when this cane is grown under such conations, 
l^ese air spaces do not develop to the same extent when this Jb 
gr^wn in ||aTden land. 
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The next beet is to tiy and simulate in ttie fields at the oentral leeeatch 
station the conditions against which the new productions axe ultimately 
intended to be grown through sparser irrigations or lesser dosages of 
water in the case of irrigated crops. 

While laboratory studies on correlations between drought resistance 
and various morphological or physiological characters is desirable, such 
work should not be allowed to tc^e the place of trials imder actual field 
conditions. At best laboratory studies could only supplement or explain 
field results. It is only after considerable accumidation of such data 
and their satisfactory tall 3 dng with out-station field results, that it will 
be possible to prophesy &om laboratory studies the probable drought 
resistance of particular types. 

Besides the adaptations already mentioned, another such in the 
sugarcane is a thrifty above-ground-growth during the stress summer 
periods with a fully developed underground S 3 rstem to enable the plant 
to burst into full activity when the c&ought conditions disappear in the 
course of the seasons. 

The drought resistant canes so far obtained at Coimbatore — and 
these are quite a number — ^have been the result of hybridization with 
types which have been known to thrive under such conditions, some of 
these being wild Saccharum t 3 q)es. 

For the breeding of types to suit particular regions, where drought 
prevails, the breeder should first secure an adequate knowledge of the 
environmental conditions all through the life-cycle of his crop. It 
occasionally happens that what is really needed is not a general ^d of 
drought resistance in the new productions but resistance to drought 
conditions at one or more states in the life-cycle of the plant. A locality 
which is liable to drought at an early stage of the crop may, for instance, 
be liable to waterlogging at about harvest time. In such cases drought 
resistance alone would not meet the situation. The type needed would 
be one which would resist drought in the earlier stages and waterlogging 
in the final stages of its growth. Wild or related species which grow 
freely and easily under the conditions are likely to prove of value in the 
breeding of the desired types. The results obtained from sugarcane 
breeding in India testify to the utility of such crossing. 

Briefiy stated drought resistant sugaroanes for India were obtained 
by employing as parents species of Sacchartim or other genera (like 
Sorghum halepenae) known to possess drought resistant characteristics* 
Their selection has been by actually growing them under the conditions* 
The wild Saceharum employed happens to stand both drought and water- 
logging which is fortunate and certain of the resultant hybrids have 
displayed both these characters, besides increased yields. 

11. Db. B. P. Pal, New Delhi. 

Breeding for drought reoietance. 

One of the major problems with which the plant breeder in India is 
faced is the creation of crop varieties which besides possessmg other 
desirable qualities are capable of yielding a good crop in spite of the 
occurrence of drou^t during the growing period. Drought may be 
atmospheric or edaphic or a combination of both. A plant is considered 
to be drou^t resistant if it is able by some internal means, induced or 
inherent in its constitution, to survive a period of drought and to produce 
almost a normal crop. In Bidia drought is generally experienced towards 
the later part of the growing season of the rabi crops and in the rainless 
intervals during the rainy season of the hharif crops. ' 

In the case of the latter the aim of the breeder should be to breed 
varieties possessing an extensive and efifoctive root system, a high suction 
pressure of tl^ oeus and a well-developed vascular system for the efficient 
and rapid conduction of water from the roots to the transjuring organs; 
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it would probably not be deeimble to aim at varieties possessing devices 
for ohecking transpiration^ such as thick cuticle, sunken stomata, covering 
of hairs, etc., as photo-synthetio activity would be depressed. In the 
case of the rahi crops which have to pass through a different set of environ- 
mental conditions, the position is rather different, and the breeder has to 
evolve varieties which are capable of withstanding prolonged wilting 
towards the later part of their period of growth without injury or lessening 
of yield. 

Although the problem of drought resistance has been studied in 
recent years there are hardly any av^able instances of drought resistant 
varieties having been ‘bred to order* as in the case of some of the other 
characters which have received attention at the hands of plant breeders. 
The reason for this is the difficulty in resolving the factors which together 
determine drought resistance, and the fWther difficulty of devising critical 
tests for drought resistance in the earlier stages of breeding work when 
very small populations have to be handled. 


12. Mr. M. Alam and Mb. A. B. Saran, Sabour. 


Breeding for Drought Resistance — Rice, 

The problem of drought resistance is rather difficult to solve for a 
crop like paddy that ordinarily grows in standing water. We, however, 
come across large areas all over the province that could grow nothing but 
paddy and at the same time they are not capable of retaining sufficient 
moisture for the normal crop. Apart from this aspect of the question, 
we have also to face the problem of failure of rains in certain years and 
in different tracts, when only drought resistant varieties could successfully 
be grown. 

In order to tackle all these aspects of the problem, a beginning was 
made by selecting desirable strains from out of a large number of samples 
collected from aU over the province and grown under artificial droujg^t 
conditions, i.e., after the transplanted crop had once established itself, 
no artificial irrigation was given and steps were taken even to drain out 
any rain water that would accumulate in the plot. Detailed growth 
studies and survival percentages were determined each year and necessary 
selections, based on these studies, were made. Preliminary selections 
thus made were further tested for their endurance to permanent wilting, 
on which great stress has been laid by Russian workers like Meucimov 
and others, who regard this as an index of the capacity of the protoplasm 
to endure considerable fluctuations in its degree of swelling, without 
loss of vital activity. These studies, along with yield determinations, 
have resulted in obtaining 12 outstanding drought resistant selections, 
out of which six are of early duration and the others of medium duration. 

Water requirements of these outstanding selections have aJso been 
determined for three consecutive years and they further estabhidi their 
suitability for drought resistance. Finally, the question of breeding in 
relation to certain anatomical and physiological characteristics is dis- 
cussed and the success of the p r e s e nt attempt indicated. 

13. Mr. Bhoxa !Naxb» Indore. 

It is sugg e st that tlie genetic bcuus of drought resistance should 
be understo^ Hsriand found it impossible to transfer drought 
resistance firaeda the xerophytic cotton {O, tomentosum) to the culti- 
vated cottoh hrnnadense). He explained the failure on the assumption 
of multj|^ wtors conferring drought resistance. In the success achieved 
by Rm jMbadur Venkatraman in transferring the character from a wild 
cane e eidtivated one, it is possible very few factors were involved. 
Mofescreer* SCigarcane being propagated vegetatively, the question of later 
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^iaintegration does not oome in. With regard to Prof. Parija’s eneii* 
ment, it is tmiikdy that the induced drought resistance 'vrill be transnutted 
to the progeny. It should, however, provide the agriculturist with a 
simple process of seed treatment to induce drought resistance in the 
crop. 


14. Db. V. K. Badami, Outtaok. 

The question of breeding for drought resistance is very complicated, 
as for inabanoe, in rice under the conditions prevailing in Onasa, the 
same plant has to satisfy different conditions at different stages of growth 
such as resisting drought, resisting floods and resistii^ salinity. The 
breeder cannot always rely upon some of his productions accidentally 
proving suitable to certain conditions. I agree with Bao Bahadur 
Venkatraman that breeding for requisite qualities must be done under 
the particular field conditions and there is great scope for the chemists 
and physiologists to co-operate with the breeder in this work. 

15. Mb. S. Sascpath, Benares. 

He enquired whether it is possible to breed crop types which are high 
yielders in good years when water supply is abundant and drought 
resistant in years when water supply is deficient. Prof. Boshi Sen, 
Almora, replied that it would be possible if we knew how to modify the 
permeability of the cells of the embryo. 

16. Dr. P. H. Carpbntbb, Tocklai. 

Drought resistant character may be related to changes in other 
charfifccters. Rao Bahadur Venkatraman pointed out two classes of 
sugarcanes, the tropical which is a juicy rich cane, and the cane indige- 
nous to N. India which is small, hardy, drought resistant and of poor 
quab'ty. There is some reason to think that drought resisting varieties 
may have different quality characters to other varieties and in some cases 
will have poorer quality. I mention this as it^links this discussion with 
the one we are to luive a few days later on quality in crops. Another case 
of interest is that of flax with the growing of which we have been experi- 
menting this cold weather. It is noticeable that the plants growing 
on the soils treated with calcium cyanamide are greener imd more luxu- 
riant looking, and seem to be residing droughty conditions better than 
those plants either not manured or that have received acid manurea 
It is very desirable that much more work should be done by plant physio- 
logists possibly in collaboration with colloid chemists to find out what 
are the conditions within the individual cell that causes a plant to be 
resistant or susceptible to drought. 

17. Mb. a. K. Yagvta Nabayana Iybb, Bangalore. 

Droiight Resistance and Cultural Praotioes, 

The subject of drought resistemoe in crops is of special interest in 
India as the bulk of the area is dry farmed depending solely on rainfall 
and only a comparatively small area is protected by irrigation. The 
vagaries of the rainfall are only too well known and Indian agriculture 
is indeed one never-ending fight against such vagaries and the taric of 
the farmer has been to dodge the drought as best as he can. Ihrou^ 
experience and practical wisdom a vamty of agriculturcd practices has 
been devised all of which are within limits quite efficient a^ may well 
form the starting points for further study and improvement. 

The object of these practices is attained by (1) selection of crops 
suited to thki condition, and (2) the adoption of cultural methods which 
win enable the crops to resist ^e drought. The kind of dry crops evolved 
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and now oultivatod as purely rain-fed crops, may be said to be exceptionally 
efficient. Earlier investi^ions in Mysore shown that crops like 
gram (Cieer areUinum)^ ragi {EleuHne coraeana) and the millet (Pcupoitim 
9crob4^daium) can thrive under even very low moisture contents of the 
soil in the fir^ two feet of the soil. In the selection of drought resistant 
crops, the scope would therefore appear very small though the possibilities 
of the existence of still hardier varieties cannot be exduded nor that of 
introducing by breeding morphological characters favouring drought 
resistance m the existing varieties. 

The peculiarity of dry farmed grains is their extreme earliness, some 
Of the znillets maturing in 60 to 90 days, though their 3^1ds are 
comparatively low. With the exception of Jowar, they are all thin leaved, 
they are all shallow rooted but with a^profuse root system. Apparently 
the drought resisting capacity is in direct proportion to this kind of root 
development. A study of the peculiarities of the root system in all its 
aspects is likely to lead to promising results and deserves to be undertaken. 
It may be pointed out that even in an irrigated crop like sugarcane, the 
variety cheni which is reported to be drought resistant has, in contrast 
to other varieties, a larger root development. 

The more important and practical aspect of drought resistance is in 
relation to cultu^ practices which have for their object (1) to receive 
as large a portion of the rain into the soil by producing suitable conditions 
for the same, and (2) to conserve as much of it for the benefit of the 
crop by reducing the leases. All the cultivation practices in dry farmed 
areas refer to the above. The Mysore experiments had shown that a 
surface soil mulch did exert a protective effect and that soil moisture 
could rise from a depth of six feet below the surface. Apart from the 
soil moisture studies, field experiments with ragi had shown the advanti^ 
of ploughing up the field immediately after harvest and this practice 
has been one of the important recommendations by the Department. 
Suitable implements were also devised and suggested for such ploughing. 
Among the operations to reduce losses of moisture from the soil, may 
be mentioned sowing the crops by drills to facilitate interculturing. The 
benefit due to the mulch, apari from what interculturing does in removing 
weeds €«xd thinning the crops, is net very clear unless it be that even 
very small differences in moisture contents lead to marked differences in 
the growth of the crops. To what extent surface cultivation can reduce 
the need for irrigation in the case of irrigated crops, is also a point for 
investigation, ^e question of soil moisture requires more extensive 
studies. 

The problem of drought resistance in crops has been raised in the 
past in India more in connection with pasture grasses than with ordinary 
field crops. Many grasses were import from abroad in the hope they 
would stand the Indian drought conditions better, but the genertd 
experience has been that* all these introduced grasses are less drought 
resistant than the indigenous grasses. The oidy grass that has been 
found to be of some value for Mysore conditions, is the Napier grass 
(Penuetum purpureum). 

The study of drought resistance should comprise work firstly on the 
characters which confer this ability to the plants and secondly on the 
movements of soil moisture and methods of moisture conservation. 
Scope for extensive work lies however on the practical side with a view to 
enable farmers to take to methods of dry famung which are already known 
to be beneficial. 


18. Bax Sahib Kalidas Sawbhbt, Parbhani-Dn* 

l{ilAys a dominant pari in the life of plants and it is most 
imp<ilili|n jflUigle factor detennining the successful growing of field cropB. 

vegetation of different habitats and the varieties of crops 
'hat 0iii^*be grown in a given looali 
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nAtttze mariced atrootiixal reactionB are exhibited by plants in lesponse 
to oonditions of water supply prevailing in the different environments. 
Under conditions of water stress in arid or semi-arid regions of the world* 
plants* as a rule* possess extensive tap roots that reach great depths 
and have but few lateral roots. They are also characterized by small* 
hairy* heavily cutinzed or waxy* thick leaves with sunken stomata and 
multi-layered pallisade tissue. These special features of xerophytio 
plants are either organs for drawing water from great depths and storing 
ft* or are protective structures against excessive tranfl^uration. In the 
case of field crops plants receive assistance of various kinds from man 
to absorb moisture from great depths* withstand excessive loss of water* 
and be able to grow and reproduce under oonditions of drought. In fact* 
the fundament^ object of the cultural practices used in ‘d^ farming’ is 
to enable the plants to grow successfully in environments characterized 
by a marked deficiency of moisture, ^e following paragraphs briefiy 
enumerate some of the important cultural methods adopted and the 
nature of the aid that they are intended to render to the plants and 
crops concerned. 

(1) ScU-ireatment which favours ready penetrcUion of water and enables 
a very large proportion of the annual precipitation to be stored in the 
sou : — 

Practices to keep the top soil porous and receptive or to reduce the 
rapid run off of rain water fall in this category. Repeated ploughiig in 
the dry season before the rains* the levelling of soil having a steep gradient* 
ploughing across the slope* embanking of fields and dividing them into 
small units by inter-plot bunds, addition of organic matter and fallowing 
of soil are means to these ends. 


(2) Practices that facilitate a fuU and free development of plant roots : — 

Deep ploughing before sowing and deep interculture of the standing 
crop induce the roots to penetrate to great depths. 


(3) Cultivation that prevents the direct emporation of moisture from the 
soil and reduces transpiration : — 

Ploughing immediately after hcbrvest* cultivation after evory rain 
and increasing humus in the soil reduce direct evaporation and tend to 
conserve moisture until it is needed by the plants. Similarly* a wide 
spacing of plants and the frequent weeding and mulching of soil during 
the growing season of the crop are believed to retard both surface evapora- 
tion and treuispiration. 


(4) Practices that enable plants to evade drought : — 

By adjusting sowing date and planting quick maturing varieties* 
plants may be enabled to complete their growth before scarcity of water 
becoms reeJly serious. 

For the selection of correct aids to drought resistance* a full knowledge 
of the prevailing climatic and soil conditions along with that of the res- 
ponse of the plants concerned to the mven environment is necessary, 
finely* it may be mentioned that scientific plant-breeding is often success- 
ful in producing varieties of^orops and plants that inherently need small 
quantities of water for their growth and maturation* or which due to 
structural peculiarities are well fitted to grow under oonditions of water 
scarcity. 


19. Mb. Mason Vauoh* Allahabad. 

Drought Resistance and Cultural Practices, 

The object of all agricultural improvements is ultimately increased 
production. It is well to do all we can to improve the plants with which 
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WB wDxk. We dKnild also improve growing conditions for the plant eiid 
w to now very inadequate attention has Been given to this imase* (1) 
growing season can be extended by early plating which becomes 
possible with pre-iainy season preparation. (2) The water stored in the 
soil can be increased by extendmg the absorbing season and by toproving 
absorbing conditions during the rainy season. (3) The utilization of 
the avauable water can be improved by improving the water holdup 
ability by modifying the soil, particularly with regard to its organic 
matter contents. AB the above objectives are primarily to be reached 
by a better application of engineering to agricultiim, by better use of more 
suitable implements and by better utilization of power. An attack on 
the problem may — ^probably will — ^give larger and quicker results than 
plant breeding. This diould be giv^ more attention generally by 
agricultural workers and by the Science Congress. 


XXIV, QUALITY IN CROPS. 

(Sections of Agriculture, Chemistry, and Medical and Veterinary 

Research.) 

Mb. P. M. K^abbqat, New Delhi, presided. 

1. Rao Bahadur B. Viswa Nath, New Delhi. 


Quality in Crops. 

The problem of crop production has assumed a new phetse in recent 
years. In addition to the demand for increase in production per acre, 
the new one is for quality. 

A sigi^iflcant development which concerns the agriculturist is in 
regard to certain specific qualities and stendards demanded by trade 
and industry which employ agricultural produce in several industries. 
As examples may be cit^ milling and baking qualities in wheat, medting 
quality in barley, qualities for cigar and cigarette and for chewing 
purposes in tob^co, and quality for gur and sugar manufacture in 
sugarcane. 

It is being recognized that large veuiations in the proximate and 
ultimate constituents of the same variety of plants are indications of 
soil conditions and fertilizei^ treatment, and that plants have wide powers 
of accommodation althou^ they ceui grow in a manner that does not 
show appreciable variation in appeareuice and gross composition. 
Evidence is accumulating that soil conditions and soil treatment may 
even modify the make up of the plant and its constituents and the de^pree 
of their usefulness. Varieties of wheat grown under different condit^s 
showed differences in their dough qualities and loaf size of bread; again, 
heavy applications of nitrogenous manures increcMed the nitrogen content 
of wheat, but the mcreaaed protein content did not necessarily improve 
the baki^ quality, which appeeo^ to vary with the season. Fertilizer 
treatment and environmental conditions such as soil and climate, influence 
the malting quality of beo'ley. Nitrogen content varied dir^ly with 
diastase value and inversely with the carbohydrate content; the extract 
and amount of nitro^n are influenced by fertilizer treatment, soil condi- 
tions gjud season. Similar observations have been recorded with jowar 
m a H ji t mder certain circumstances nitrogenous fertilizers applied to 
are known to give soft jaggeries with poor keeping qualities. 
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Hia differential effects of different potaah salte on the quality of tobacoo 
and potato are well known. 

A more recent and important development of world-wide interest, 
is in regard to quality in food crops. The question of quality in crops 
from the nation^ diet, health and hygiene point of view has begun to 
be seriously considered. It was formerly believed that proteins, carbo- 
hydrates, fat, and water were all that were necessary for a complete 
diet. It was later realized that certcdn mineral salts were also necesaa^. 
Subsequent experience revealed the importance and necessity for vitamins 
without which animals cannot grow and keep healthy. With the advance 
in the knowledge of the chemical nature of the various subst^ces used 
as food it became apparent that a mere study of the total protein require- 
ment presents but a feeble view of the complexity of the processes of 
digestion and assimilation and of certain minute requirements and 
nice adjustments involved. All proteins have not been found to be of 
equal biological value — ^they varied with the nature of the ammo -acids 
of the proteins. The knowledge that amino -acids are building stones 
for the protein molecule and that these constituents cannot be synthei^ed 
in the animal body but have to be given in a preformed state, either 
as plant protein or as the flesh protein of animals that eat plants led to 
further enquiry which showed that all amino -acids are not of the s^e 
nutritive value cmd that all foods do not contedn all the necessary amino - 
acids. 

Becent developments in soil and plant research provide evidence 
that the products of plant metabolism that nourish and sustcun ani m a l s 
and human beings can be influenced by soil conditions and systems of 
manuring. Questions of theoretical interest apart, like the nature of 
action of manures and fertilizers flrst on plant metabolism and, through 
the plant, on the anabolic and katabolic processes in the anin^, it appears 
that nutritional factors for animals are associated with nutritional fetors 
for plants and that the biological efficiency may vary with the conditions 
of growth. These developments and their implications in agricultural 
production and national nutrition and health are discussed. 

- 

2. Mr. a. K. Yagka Narayana Iyer, Bangalore. 

Some general consideratione of quality in Crops. 

The subject of quality in crops may be said to comprise two important 
questions. The first is a determination of the nature and composition of 
the substance or set of substances which gives a product its special value 
and generally decides its meurket price as compeared with other grades of 
the same product; parenthetically one has to qualify this price deciding 
factor to some extent because in a number of cases the market value 
which is fixed by public taste is not always in accordance with the intrinsic 
merit of the product as indicated by its content of nutritive elements; 
the commonest example of this statement is, of course, rice. The second 
is a determination of the factors which govern or influence the content 
of this quality-giving substance in the particular product and the extent 
to which such factors are controllable in practice. From the practical 
point of view this second is the more importemt, for if these factors oannot 
be oontroUed then the question is only one of purely scientific interest. 

^ As regards the first question, viz., the nature of the substance which 
decides the quality of a product, the matter is comparatively simple 
in most cases; thus the content of oil in oil-seeds, starch in potatoes, 
sugar in sugarcane, the colouring matter in dye-yieldiilg plants, proteins 
in grain and pulses, the active principles in the innumerable na^dicinal 
plants, the fix^ and volatile oils in flowers or perfume yielding plants and 
troM, these are the deciding factors in assessing the v^ue of the product 
in its particular class as compared with others in the same class, and 
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they are ranked high or low according aa they are rich or poor in these 
Bubstancea. There are other products, however, in which the quality* 
giving factor ia indefinite and obscure and in this class come those products 
whose quality is judged mostly by taste or flavour. Goflee and tea are 
outstanding examples as likewise are butter and ghee and the numerous 
fruits and vegetables. The data upon which the epicure’s tongue can 
grade and classify these are not yet sufficiently well understood to be 
oiq)able of chemical definition and measurement. In recent years the 
content of accessory food factors or vitamins, growth-promoting hormones 
and such substances are also entering into the question of quality and 
though their chemical nature and estimation are still a matter of study, 
biological methods of assay have rendered their practical consideration 
both possible and important. 

Hardly any work of a scientific nature has so far been done upon 
what really constitutes quedity in crops of this latter class. The first and 
perhaps the only work attempted on this subject is that on the quality 
of coffee which was carried out by the Mysore Department of Agriculture 
during the years 1906 and 1907. In this work an attempt was made to 
find out what constituent of the coffee, both organic and mineral, and 
wl^t physiccd characteristic were an index of quidity as fixed by the market 
price, apart of course from points like cleanliness, colour and the like. 
For this purpose, over fifty samples of coffee beans representing all the 
distinctive coffee tracts of the world, all valued and classified by London 
brokers, were examined. The result of this prolonged investigation was 
however disappointing, because none of the chemical constituents were 
found to run parallel with the prices. The specific gravity was however 
the one factor which behaved differently and was found to be sufficiently 
oloM to the prices as to be taken as an index of the quality. It will be 
noticed that as far as the quality-giving factor in the composition of the 
bean was concerned the work gave no information whatsoever. The work 
unfortunately was given up at this stage but has recently been taken up 
for further investigation under a much expanded scheme. The resulto 
will have to be awcdted. In regard to the subject of quality in other 
crops the field may be said to lie completely unexplored. A beginning 
has however been made with rice cmd some other food grains, thanks to 
the nutrition studies taken up in recent years about which we may hear 
a good deal in the course of this discussion. 

Coming now to the second question, viz., the factors which influence 
the composition or quality of products, these factors are firstly of the 
kind that are not under the control of man, such as geographical situation, 
altitude, aspect, rainfall, humidity and so on. Coffee differs a great deal 
in quality according as it is grown under this variety of conditions; tea 
is distinctly classifi^ into high, medium and low elevation quality which 
correspond to great vcuiations in fiavour and price. The perfume of 
fiowers grown in warmer climates is generally stronger than when they 
are grown in milder climates. The numerous delicate shades of colour 
characteristic of differently named varieties of roses in Europe often 
disappe^ under warmer skies where they tend to run down into a dull 
uniformity. In respect of fruits and their delicate flavour, taste, colour 
and size, climatic conditions lead to marked changes, and even in the 
same locality seasons influence the taste; the Coorg orange of the monsdon 
season is much less sweet than the fruits of the summer. The active 
principles of many medicinal plants vary in quantity according as they 
are grown under conditions favouring luxuriant growth or under conditions 
where they have to struggle hard for existence. Instances of this kind 
can be multiplied. Although from a practical standpoint this aspect 
of the question is not of much importance inasmuch as these conditions 
m beyond human control, still their study must afford valuable informa- 
tion for guidance as to the conditions most conducive to quality under 
wbloh alone they may therefore be grown with advantage and some of 
which may be capable of being reproduced to some extent artificially. 
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The eeoond set of factors which may influence quality are those 
environmental factors which are capable of being controlled and it is a 
study of these factors that will lead to important practical results. 
The foremost of these factors are of course manures and the constituent 
elements of soils. What effect have these constituents, both organic and 
nuneral and ee^cially the so-called plsmt foods, on the quality or com- 
position of the crop ? Can we alter the content of starch, oil, protein or 
flouring matters, tanning^ alkaloids, etc., in the crop by suitable forms 
of manuring ? Cto we increase or reduce the proportion of the mineral 
ingredients in the product by the same means? Though innumerable 
manurial experiments have and are being conducted it must be admitted 
that few afford any reliable answer to these questions, beyond what has 
been known and believed for a very long time. This can be summarised 
very briefly. Nitrogen increases the vegetative growth, phosphoric acid 
hastens maturity and favours grain formation rather than leaf growth, 
potash favours the formation of starches and sugars; highly nitrogenous 
manures lead to coarseness and often make pkmts more susceptible to 
disease. Nitrogen also increases the protein content of grains if applied 
at particular stoges in the growth of the plant. It can also increase the 
content of nicotine in tobacco. Sugarcane juice can take up alkaline salts 
from alkaline soils and yield a juice with a high ash content which reduces 
the recovery of* sugar by preventing normal crystallization. Even acid 
radicals have different effects, chlondes have a deleterious effect on the 
burning quality of tobacco in contrast with sulphates and nitrates. The 
colour of the Hydrangea flower can be changed from pink to blue by 
changing the reaction of the soil. Sulphur, magnesium, selenium, titanium, 
copper, manganese, zinc and boron, can all influence the quality of certain 
products, even when present in small quantities like catalysts. The 
seeds of crops are generally constant in their mineral composition, while 
the vegetative parts, notably the grasses, are subject to great variation 
in this respect depending on soil composition or manuring. Though this 
much can be gathered from experiments so far, manurial experiments 
designed to yield definite answers to the above queries are rare. The 
whole range of manurial experiments may be mid without exaggeration 
to have related almost exclusively to measuring the effect of manures in 
terms of the increase in the quantity of the produce. THe weighbridge 
has indeed been the sole judge of the way in which crops respond to 
manures. One result of these experiments in India is the belief that it 
is not necessary to manure with potash or phosphoric acid, nitrogen alone 
being sufficient and the response from the former being either too little 
or none at all. As it has not been usual so far to investigate the com- 
position of the manured product also in these experiments, data are not 
available to warrant the conclusion that these two ingredients have gone 
without effect or that the nitrogen has had no effect other than increasing 
the quantity of the produce. It is at least permissible to suppose from 
the information summarized above that these ingredients must have 
influenced the composition or quality of the product and that in shutting 
our eyes to this possible effect we 6u*e probably sacrificing quality for 
quantity. The scope and the need for widening the sphere of manurial 
experiments to include a determination not only of the chemical com- 
position of the product but also of its vitamin content, where necessary, 
are strongly to be emphasized. 

While the above observations relate to the effect of the so-called 
plant food elements, it is beginning to be claimed that quality is capable 
of being influenced by organic maniu^ i.e., by organic matter alone as 
distinguished from the plant food elements including nitrogen. So far 
the function of organic matter of this kind (that is, devoid of mineral 
elements and nitrogen) is considered to be largely indirect, such as improv- 
ing the physical condition of the soil, increasing the availability of the 
imneral ingredients by the solvent action of the weak acids of decomposi- 
tion, and as serving as the source of energy to the free-living bacteria in 
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^ soil — aU of which in their «um total is tantamount to moreasmg the 
quantity of plant food at the disposal of the crop. It is not known if 
and in what way this kind of orgardo matter can or does change the oom- 
posltion of the crop manured. Another aspect of the question relates to 
the effect of organic matter derived from the excreta of animals as distinct 
from organic manure derived from other sources. That farmya^ maniire 
greatly Increases the 3 ddd of crops is a fact of universal experience firom 
the dawn of agriculture; but it is true also that similar increase of yield 
can be brought about by the use of appropriate qucmtities of mineral 
manures and of organic matter other than animal excreta. The new 
claim however is tbskt the effect of the farmyard manure shows itself in 
improved quality in the grain as distinguished from the quantity yielded* 
and that enhanced quality is demonstrable by methods of biological 
estimation. Rao Bahadur Visvanath*s woric on this subject is very interest- 
ing and if confirmed by other workers will have much economic importance. 
It has been sought to base this result on a sort of philosophic concept* the 
idea being that it is the only way in which nature’s cycle eoU-orop-animcU 
can be maintained unbroken, ri^e view may be also said to gain strength 
from the fact that among the many root-growth promoting substances 
like the acids containing the indole group now being studied in the Boyce 
Thompson Institute* the compound Skatol takes a high place and that it 
is a compound also present in the excreta of animals. It must however 
be mentioned that the wheat from the famous farmyard manured plots 
in Rothamstead have been reported not to show superiority in qu^ty 
over other wheat* in the face of which the above considerations cannot 
be deemed adequate to support the new view. It would thus appear that 
the matter is one for further experiment and ccumot at this stage be taken 
as proved. 

While stressing the fact that the whole subject demands a great deal 
of experimental work, the need for which will be amply clear from the 
above survey* I shall conclude by stating that when it comes to a practical 
application of the results we slutU have to look to the methods of plant 
breeding as the most potent instrument to bring about enhanced quality 
or increased proportion of the product for which a particular crop may 
be economica^y valuable. Well-known work along these lines are the 
improvement of the sugar beet* the evolution of high-protein* low-protein* 
high-oil* low-oil and other distinct types of maize* of new varieties of high- 
yielding sugcucanes* of cinchona with a very high alkaloid content and of 
rubber with a high latex producing capacity — all of which demonstrate the 
extent to which improvement can be brought about by this method. 


3. Dr. W. R. Aykroyd* Goonoor. 

% 

NtOriHve Aspects of Quality in Crops, 

The speaker considers the question of quality from the standpoint of 
nutrition. The commercial quality of a food product often depends 
on attributes which are independent of nutritive value, such as flavour* 
appearance and sometimes the obscure preference of the consumer for 
certain particular varieties. The problem for discussion can be posed 
as follows: Does the nutritive value of different samples of the same food 
vary as the result of differences in botanical stram and conditions of 
cultivation T And if such variarions exist* what is their importance in 
human nutrition ? 

The deg^ and naiuie of variation which could be produced by 
selection and improvement in soQ conditions must be carefully investigate. 
First* the degree of variation in any particular constituent must be 
considered in relation to human requirements of that constituent. 
Secondly* an increase in the content of some single constituent, such as 
protein or phosphorus^ might not in itself be of any striking value if the 
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amount of other equally important constituents present remained 
unaffected. Thirdly, variation m chemical composition would clearfy be 
of greater importance in the case of a food which formed the bulk of the 
diet thMi in the case of a food taken in smaller quantities. 

Probably only biological tests could provide conclusive evidence of 
the superiority or otherwise in nutritive value of new varieties produced 
by selection or of foods grown under certain chosen conditions of cultiva- 
tion. Such tests are not easy to ceury out. The speaker is sceptical 
about recent claims that foods grown on land treated with organic manure 
are in some indefinable way * healthier’ than food produced on land 
treated with artificial manures. 

The vitamin content of a series of different strains of rice and 
fagi {Eleuaine coracana) has been studied in the Laboratories. Variation 
has l^n observed, but all unmilled samples contain enough vitamin Bx 
to prevent beri-beri. In the case of rice, the effect of milliiig and washing 
on vitamin Bx content greatly outweighs any importance in initial varia- 
tions in composition. Little variation is found in the vitamin Bx and 
nicotinic acid content of samples of the same strain of wheat grown 
under different manurial conditions. These observations are in line 
with those of other workers in England and Germany. Anal3r8e8 of the 
calcium and phosphorus content of foods grown in the Kangra Valley, 
Punjab, and in South India give strikij^ly uniform values. It is, however, 
difficult to draw any general conclusions as to vcuiation in calcium and 
phosphorus content from these limited investigations. Unquestionably 
the phosphorus content of crops could be influenced by superphosphate 
manuring. 

In conclusion, the speaker points out that Indian diets can be improved 
by greater diversification. The cereals which form the bulk of the diet 
must be supplemented by greater quantities of pulses, vegetables, milk 
and other foods. In his opinion, this is the ^licy to follow in trying to 
raise standards of nutrition. B[e does not think that a great deal would 
be achieved by attempts to bring about improvement in the nutritive 
quality of cereals or other staple foods, and upholders of the opposite 
view have not so far produced convincing evidence. But no final judgment 
on the questions at issue can be reached until they have been more 
exhaustively studied from different angles. 


4. Da. B. C. GtJHA, Calcutta. 

Although the different manurial treatments might produce relatively 
small differences in the protein, mineral and vitctmin contents of cereals 
and pulses, they might mean a good deal of quantitative difference so 
far as the nutrition of the Indian people is concerned, since the cereals 
and pulses form the bulk of their daily diet. As, however, there are 
disorepcmcies in the results obtained in different laboratories regarding 
the izmuence of manures on nutritive value of crops, it is suggested that 
experiments in the line should be carried out imder controlled conditions 
in different laboratories in India, financed, if necessary, by the Imperial 
Council of Agricultural Research. 


6 , Db. K. V. Gnu, Waltair. 

Rather than attempting to improve quality in food crops by manuring, 
we should explore more fully the possibilities of growii^g more nutritious 
foods even at the expense of quality. Our main need is for cheap sources 
of vitamms ^d minerals, especially calcium. The cereal ragi is parti- 
oularly rich in this respect and has in fact a calcium : phosphorus ratio 
very much the same as in milk. The production and use of this cereal 
in greater amounts than at present are, therefore, to be encouraged. 
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6. Db. a. Sbbbnita8Ak» Indore. 

It is contended that with rice, the effeote of milling and wadung 
greatly outweigh in importance any initial variation in composition 
that it is more feasible to raise the nutritive value of rice by preventing 
these losses during milling and preparation than by attempting to produce, 
by selection or by manuring, varieties which are rich in nutritional in> 
grediente. But, it is not always easy to get over an established habit 
and a rice with an initially l^her content of nutritive elements w^ 
naturally retain more of these principles even after milling and wGudiing. 
Further, it will be doubly beneficial if, in addition to preventing the losses 
during milling and preparation, it is possible to use a variety enriched in 
composition. Variations in chemical composition will clearly be of 
Importance in the case of a food article like rice which forms such a large 
proportion of the rice-eater’s diet. 


7. Mb. B. Ahhad, Calcutta. 

Nutrition and quality «n Crops. 

The constituents of food essenticd for normal nutrition are proteins, 
fats, carbohydrates, various minerals and vitamins. These constituents 
vary both qualitatively and quantitatively in our common food materials 
both of vegetable and animal origin. Animals, however, can maintain 
in their tissues, e.g., milk, eg^, muscle, a much greater constoncy of 
composition than pl^ts in spite of wide vcuiations and inadequacies of 
the essential constituents in their dietaries. On the other hand, plant 
foods vary very widely in composition and in their content of essential 
food constituents. Since man and animals depend ultimately upon plants 
for food, and since vegetarian foods constitute by far the larger bulk of 
our daily diet, the subject is of moment. From the nutrition point of 
view it is this variation in food constituents that governs quality m crops. 
Food crops containing these factors in optimum proportion and higher 
concentration are of greater nutritive value. 

Various factors may determine the composition of plants. Some 
of them are (i) composition of soil, (ii) species and strcun of the plant, 
(iii) climate and weather. The oomx>osition of the soil determines largely 
the mineral composition of food plants. The variations in phosphorus, 
calcium and magnesium contents may be as much as twenty -five times 
the difference between the minimiim and maximum values. Li fact there 
are many areas in the world where the soil is low in phosphorus, thereby 
affecting both plant and animal life. Areas similarly deficient in cobalt, 
iodine or other minerals are also known and are definite factors in the 
human health problem. 

More important than the concentration of the minerals is the relative 
proportion in which they occur in emy plant. Under different conditions, 
calcium and phosphorus contents often vary in opposite directions leading 
to adverse ratios which result m poor retention of both the miaerals 
by man and animals. These extreme ratios will also result in excessive 
excretion of magnesium tending to cause a magnesium deficiency. 

Different strains of the same plant, even when grown on the same 
soil and under similar conditions, may contain different amounts of any 
particular constituent. Thus, it is well known to agriculturists that in 
sugarcane, the genetic fitctor is the most important and most of the 
sugarcane research of to-day aims at producmg a strain that will yield 
the highest disaochariile ecmtent. Different varieties of wheat grown 
under IdeatlQal conditions gre known to differ significantly not omy/ in 
tiseir protsiiiL contents but also in calcium, phosphorus, magnesium^ 
potassfuigt iron and sulgiliur. The vitamin content varies s^ more 
widely in different strains. The vitamin 0 content of apples for example 
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may vary from 1'6~16% in different varieties. In different varieties 
of mangoes available in Calcutta markets vitamin C is found to vary 
from 2^t00%. Tliis is true of most other vegetables and fruits. For 
vitamin content, not only the nature of the soils, but also seasons, 
climate, manuring and degree of maturity are contributing factors. 

The influence of climate on the degree of unsaturation of the oil 
produced by different plant seeds is also well known. An oil seed grown 
m a tropical climate gives an oil with a higher degree of saturation than 
when grown in a temperate climate. This fact may be of importance 
from the ^oint of view of the nutritive value of the oil now that we know 
that certain unsaturated fatty acids are essential for normal nutrition. 

These are a few instances to show how crops may vary enormously 
in their nutritive value under different conditions. An intensive study 
of the contributing conditions of soil, climate, seasons, manures, genetic 
strains, etc., would help us to produce food crops of high nutritive and 
economic value. 

It is also necessary to devote more attention to the improvement, 
by the use of proper supplements, of the existing dietaries in different 
parts of the country. The pulse soya bean which has a protein content 
of about 40% is a particularly rich food, but unfortunately, people have 
not taken to it kin^y. 

Finally, there is need for collaboration between the agricultural and 
nutrition research laboratories in order that the two together may aim 
at improving the quality of food crops. There is, at present, a uaison 
officer, under the Indian Besearch Fund Association for the co-ordination 
of nutritional and agricultural research, but the scope of such work 
requires to be greatly enlarged by the appointment of more officers of 
this type both by the Central and by the Provincial Governments. 


8, Db. V. K, Badahi, Cuttcbck. 

In regard to the suggestion to popularize^ the use of soya bean, 
experience with dozens of varieties has shown that attempts to introduce 
this crop and grow it successfully have invariably met with failure. 
Furthermore, it is rather difficult to cook this pulse or obtain a palatable 
preparation out of it. There is no reason why in its place people could 
not use groundnut which is a crop of the country and which, as has been 
shown by Professor Sahasrabuddhe, is at least as nutritious as the soya 
becm. - 


9. Db. W. R. Aykboyd, Coonoor, 

It does not appear a feasible thing to introduce the soya bean crop 
on any very wide scale. It would be far more easy to persuade people 
to make greater use of the pulses that are already being grown in the 
different parts of the country. 


10. Db. P. H. Cabpbntbb, Tocklai. 

The necessity for obtaining greater collaboration between the nutri- 
tion research workers and the agricultural research workers is recognized, 
but it may also be pointed out that the organization for [|uch collaboration 
is in being. There are in existence, thcT Medical Research Coimcil and the 
Agricultural Research Council and collaboration between these two 
bodies already exists. What is now required is for individual workers 
to make greater use of this collaboration by sending up more research 
schemes that deal with some of these fundamental problems. 

9 
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11, Fbof. N. M. BajSU» Calcutta. 


Crop Production in India in relation to Nutrition, 

In a poor oountiy like India where the bulk of the people cannot 
afford to have an adequate amount of nutritive foods such as milk, meat, 
egn and fish, partly on account of their high cost imd partly due to 
regions sentiments, the production of crops in various pa.^ of the 
country should be so regulated that the optimum nutrition is possible 
at the minimum cost. Before this is done, it is necessary to have a 
complete survey of the dietetic habits of people inhabiting different areas 
of the country. In this survey particul^ attention should be given to 
the staple food, the various accessories, spices and condiments taken with 
it and the differ^t varieties of these produced in each area. 

After this survey is done, the work of the various nutrition workers 
in each province should be harnessed in an organized and systematic 
attempt to find out the available Oa, Fe, and P contents of these foods, 
the biological values of their proteins, the digestibility of their carbo- 
hydrates and fats, the supplementary relations of the various foods, 
the total biological values of these mixtures of foods after being cooked 
in the customary way, the acid base balance in each food and their 
vitamin contents. The result of these analyses should then be meule 
known to the Agricultural Departments so that the latter will be in a 
position to judge which crops should be produced in a particular area in 
greater abundance over others. 

Isolated attempts have been me^e in several parts of India to find 
out some of these particulars. Thus of all the dhaU green gram is foimd 
to bo most nutritive and of the various kinds of rice, coloured and coarse- 
grained ones are richer in protein, P 205 and ash content than fine varieties* 
Again the various cereals and dhals on combustion leave behind an acid 
ai^ and accordingly they should be taken with plenty of vegetables which, 
as a rule, leave behind an alkaline ash. Further, rice and dhals show 
supplementary relations with regard to growth. Of the various leafy 
vegetables, spinach and the leaves of white gourd are rich in carotene 
but as the former contains a very high percentage of oxalates, it should 
be taken with caution particularly by the eged. The vitamin C content 
of the various fruits is too well known to need special mention. Although 
apples, strawberries and raspberries are good fruits in various respects, 
yet their juices, being highly rich in potash should not be taken either 
regularly or in large amounts by persons with cardio -vascular symptoms. 
Of the various spices, black pepper is foimd to be markedly rich in available 
Fe and vitamin B 2 (ribo -flavin). 

The knowled^ that has been gained already with regard to these 
various foods is of considerable value to the agricultiurists, but it cannot 
be denied that a systematic attempt in the elucidation of the various 
problems mentioned above would be of further importance to the agricul- 
tural department in regulating crop production in India and would go 
a long way in solving the problems of nutrition of the poor people. 


12. Mb. a. C. Ubil, Calcutta. 

Quality in crops has a relative connotation. To an agriculturist, 
it means high yield coupled with the power of resistance to insect attacks, 
diseases and other hcumful environmental conditions as well as cheapness 
in production. To one interested in the health of the nation, qi^ty 
is determined by the nutritive value of the Food Crops and by their 
disease-preventing pro peftes. To the public in genera], however, it will 
mean everjrthing, i.e. high yield, clean appearance, cheapness, possession 
of the required nutritive value, and availability in adequate quantity. 

Agriculture is assuming more and more import^ce in sociology. 
The nutriUVe value of farm products is as important as their general 
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appearance and cheapness. In its agricultural aspects, the variety of 
grain, kind of manure, soil, irrigation, season, climate and other environ- 
mental factors, all assume importance. In the matter of nutrition, the 
composition, enrichment both of quality and quantity, keeping properties, 
cheapness, supply and distribution are important considerations. In the 
socio-economic sphere, the dietary habits of the people, their economic 
status, education and other factors are to be considered. In the sphere 
of statecraft, the distribution of land for agriculture, horticulture, fodder 
and forests in relation to the population, the creation of marketing 
facilities, crop planning, raising the economic level of the peasant, the 
development of irrigation and commtmications, rendering available more 
land for cultivation, control of population, and suitable legislation are 
some of the important items for consideration. 

It is a matter for regret that the application of very useful researches 
to agricultxire h€» lagg^ behind in India owing to a lack of planning 
efforts and implementation by the State. Unless this lag is remove^ 
it will be futile to continue the academical discussions at the Indian 
Science Congress meetings year after year. 

13. Rao Babaduu T. S. Vekkatbahak, Coimbatore. 

In nutrition experiments, tests on human beings like school children 
in hostels, are more useful than those on rats whose mentahty we do 
not know. 

When evaluating diets for vitamins, even small differences in quantity 
will make big differences in nutritive quality. The effect of vitamins 
is comparable to that of emotions on human audiences. 


14. Mr. K. Mitba, Patna. 

Efforts at assessing quality in crops through animal experimentation 
should, wherever possible, be justified by human biological experiments. 
It is true that human experiments are rather difficult to carry out success- 
fully, but the difficulties must be boldly faced by those genuinely interested 
in the matter. In evaluating the results of nfftfition work on animals, 
one has to take into account the digestibility coefficient, biological vcdue, 
acid-base balance, etc., but h\unan growth experiments do away with 
these difficulties. 

15. Prof, N. M. Basu, Calcutta. 

Almost all the important discoveries in the field of nutrition have 
been carried out with rats as the experimental animals, but the need for 
confirming these findings through proper experiments with human subjects 
should be realized more fully. 

16. Dr. V. G. Pansb, Indore. 

Experiments with human beings, specially school children, are often 
vitiated by uncontrolled factors. For instance, in one test recently 
carried out at Indore on the effect of milk supplements, the absence of 
any difference in growth between the milk-fed and control groups at the 
end of the test was traced to the fact that the children of the latter group 
got their milk at their own homes I 


17. Dr. K. P. Basu, Dacca. 


Quality in Pulaea-and Cereals, ’ 

The nutritive value of the different varieties of pulses and of rice 
has been the subject of intensive investigation in the biochemical 
laboratories, Dacca, for a number of years. 
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BuUcb : IndiaiiB m a rule, take very little of animal proteing and the 
bulk of the vegetable proteins they take is derived from the pulses, ^e 
protein content of the pulses generally varies between 23 and 80%, 
with the exception of the soya bean which contains 41-42% pxotem. 
Hie value of a particular pulse^-and indeed of any food-8tuff-~as a source 
of proteins is d^rmined not only by its protein content but also bv t^ 
dig!^ibility and the biological value of its proteins. The digestiDillty 
of the jpulM proteins varies between 85 and 91%. The biolo^cal value 
of the lentil proteins is only 32, that of soya bean is 58 and in the otiier 
cases the value lies between 46 and 52 at 10% level of protein intake. 
The net protein value is 20*2 in the case of soya bean and in the other 
cases vanes between 6*6 (lentil) and 14*4 {LcUhynta acUiva), 

The increase in bcdy weight of youpg animals for each gram of protein 
intake from a particular source is ato a measure of the qucdity of proteins 
from that source. At 10% level or protein intake, Lathyr^ sativa induced 
no growth, while other pulses induced growths from 1*5 gm. (soya bean) 
to 0*9 gm. (lentil) in young rats. 

The (]|uality of pulse proteins ccm, in most cases, be improved by 
incorporation of sme^ amounts of milk. Aman rice proteins also show 
a supplementary relation towards some pulse proteins. 

^e mineral content of the pulses varies from 4*5% in the case of 
soya bean to 2*2 in the case of lentO. Soya bean contains the maximum 
amounts of calcium, phosphorus and iron. All the pulses are acid formers 
and the potential acidity is the least with the green gram and highest 
with the lentil. 

The total percentage of carbohydrate is 21*5 in the case of soya bean 
and in the other cases varies between 49 and 57. With the soya bean 
only 8% is in the available form, with Bengal gram 36*2 out of 48*7% 
is available while the other pulses contain nearly all their carbohydrates 
in the available form. 

The pulses are good sources of the B vitamins and soya bean is 
particularly rich. The only points against soya bean are its taste and 
the difficulty in making preparations with it. 

Bice : Eighteen different varieties (pure line strains) of Bengal rice — 
both cms and aman — ^have been analyzed in these laboratories and the 
changes in the chemical composition of the grain as a result of husking, 
poliriiing and parboiling studied. The enzymic digestibility of the 
different strains has also been investigated. Aman varieties of rice 
appear to be more digestible than the aua varieties. 

The biological vcdue of the proteins of both the aiM and aman varieties 
of rice is 80 while that of whole wheat is only 67. Parboiling has no 
effect on the biological value of rice proteins. 

At 5% level of protein intake aman rice causes a very good growth 
in young rats — growth per gm. of protein being 2 gm.; aria rice induces 
no growth whatsoever whije wheat causes a growth of 1*42 gm. 


18. Mb. a. Srbenivasan, Indore. 

Quality in Bice, 

It is ^nerally held that rice is a poor article of diet and that it is 
not possible to alter its food value appreciably. It has even been suggested 
that rice should, in part at least, be substituted by some other cereal like 
wheat* But the poor quality of the rice, as ordinarily consumed, is 
humly traceable to the choice of wrong varieties, to refined conditions 
and to the prevalent pcactices of washing and cooking involving con- 
siderable losses of nutritive elements. Thus, although the fine-grahied 
a 2 id white varieties of rice are genercdly favoured by consumers, it has 
been found that some of the coarse and coloured varieties contain larger 
quantities of protein and mineral ingredients and possess lacker bran 
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layers. Again, the losses in nutritive constituents as a result of washing 
prior to cooking of rice is not generally recognized and may be quite 
oonsiderable especially when reckoned with the losses on polishing. 

In the process of polishing of rice, more than half the minercd matter 
of the grain and a fourth of the protein are lost while the fats and vitamins 
are almost entirely removed. Polished rice has a pleasing appearance 
and texture, it cooks more easily than the unpolished grain and, it is 
believed, di^ts better; in the unpolished condition, it has far better 
keeping qucdity and can be stored for long periods or transported over 
long distances without appreciable deterioration. 

In vitro digestibility trials have, however, shown that the difference in 
digestibility between unpolished and polii^ed rice is too small to be of 
any si^piificanoe in practioe; further, it is possible by suitable control of 
humiduiy and storage methods to prevent or at any rate greatly minimize 
the deterioration of hulled rice on storage. On account of the thick bran 
layers, unpolished rice is no doubt somewhat slow to cook but this defect 
is more than compensated by the bigger return of shelled rice and by the 
fact that, bulk for bulk, cooked unpolished rice contains more solid 
matter and has far more sustenance than cooked, polished rice. The 
consumer will thus stand to gain not only in the quality but also in the 
quantity of available food material. 

It is also possible, within limits, to increase the protein and mineral 
contents of the rice grain by cultural methods. Rice protein has a 
biological value higher than that of most other cereals including wheat 
and a large part of the phosphorus present in rice is also, according to 
recent evidence, available to the human system. 

Pcurboiling of rice improves its food value in that even after milling, 
such rice retmns more of the essential nutritive constituents than t^ 
corresponding raw rice. This has been shown to be due to the absorption 
of tiiese constituents from the integuments by the endosperm and to the 
facts that commercial parboiled rice is usually undermilled and that, for 
peuboiling, coarse rices are often used. Parboiling also results in a high 
increase in the yield of head rice on milling. Furthermore, parboiled 
rice has a better keeping quality than raw ricsreven in the unpolished 
condition. There is thus every reason to hope that the production and 
use of parboiled rice should Income more extensive them has hitherto 
been the case. 

There is great need for educating the public in regard to methods of 
improving the status of the rice diet and thus ensuring better growth and 
greater improvement in the general health and weU-being of the rice* 
eating population of the world. 


19. Db. K. Mitka, Coonoor. 

One should not lose sight of the fact that by faulty or uneconomic 
methods of cooking or by milling, a good deal of essential elements in 
cereal grains are lost. Certainly, it wrould not be a desirable proposition 
to ask the agricultural experts to improve the quality in crops while 
the people for whom these improvements are effected, are losing a part 
of the essential elements through the practice of consuming mill^ grains 
or by faulty methods of cooking. 


20. Db. K. V, Gibi, Waltair. 

Manurial trials have shown that only the nitrogen or the phosphorus 
content of the rice grain can be altered this way. Rice is usually well 
represented in rega^ to these constituents. \vWt is important is to 
aim at enriching, by cultural or other means, the calcium content of the 
grain. 
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21. Dm. a. SBEJSNtVAaANf Indore. 

The calcium : phosphorus ratio of almost all the cereals is abnormal^ 
high ; this is the chief reason for the well-known rachitogenic ^tion of aU 
cereal diets. Efforts at improving cereals as a somtse of calcium are not 
worth while and this element should only be supplemented from other 
sources. 

22. Rao Bahadub Viswa Nath, New Delhi. 

Increase in nitrogen content of grains as a result of manuring is 
usually followed by a decrease in the phosphorus content while increase 
in phosphorus content does not result^ in a decrease in nitrogen. 

23. Db. V. K. Badami, Cuttack. 

Over 90% of the bran samples obtained from the rice mills are 
adulterated with the rice hulls and are. therefore, injurious as animal 
feed. 


24. Mb. P. M. Khabeoat, New Delhi. 

It will be a difficult task to get over the habit of polishing rice; 
experts should, therefore, aim at providing cheap and efficacious supple 
ments which can make a polished rice diet balanced and perfect. 

25. Mb. P. E. Lahdbb, Lyallpur. 


Quality in crops for feeding purposes. 

The speaker indicated the progressive increase in our knowledge 
of those factors which have come to light in recent years and which 
play an important part in determining the quality of a fodder crop. 
He showed that the ordinary quantitative table showing the chemical 
analysis, such as was accepted as satisfactory some yeeuce ago, has under- 
gone considerable revision. One of the most important factors constitut- 
ing quality of a crop, neunely, the protein, is dependent on the nature 
or make-up of the proteins and the degree to which they can be 
utilized in the organism. Similarly the type of fat in a fodder does 
influence the body fat of the animal. Thus, feeding a ration whose fats 
contain an undue percentage of unsaturated fatty acids may tend to 
softening of the body fat. Again, in regard to iiffiuence of fat fed on 
milk production, experingental evidence indicates that within reasonable 
limits, a reduction or variation in the amoimt of fat fed may tend to 
reduce the yield but not the fat percentage, the constancy of which 
appears to be a special effort of the animal economy. 

It is shown that the mineral constituents of a crop are also of supreipe 
importance not only as regards the actual quantitites present but their 
ratios. This applies particularly to calcium and phosphorus and to 
the total acids and bases. No discourse on the 'Quality in Crops’ can 
be complete without due recognition of the part played by minute 
quantities of minerals not ordinary recognized in the a^ysis of crops. 
This can only be estimated properly by spectrographic methods which 
should be developed accordingly. 

The importimt part played by Vitamins and their relationship to the 
other constituents of a crop are also reviewed. Attention is drawn to the 
fact that these qualitative aspects of crops vary considerably during 
the various stages of a crop’s growth and alro, in the case of fodder crops, 
with succeeding cuttings. 
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26, Bb. K. C. Bmt Izatni^ar. 


Quality in crops wUh reference to fodder and feeding stuffs. 

In a ootmti^ like ln(^ where animal husbandry occupies a very 
important j^sition in agricultural operations* the production of good 
quality fodder crops has not as yet received adequate attention. Until 
recently, we did not raise much crops for the sole use of cattle and we 
were content with the by-products of aerable agriculture, such as cereal 
and millet straws and the scant pastizrage which is available in many 
places for the feeding of animals. Even at the present time* taking 
into account the limit^ amount of fodder crops produced solely for cattle* 
it has been found that the amount of cattle feed available in this country 
is only about 55% of the requirement. This does not include the 
indigenous grasses available* the quantity of which cannot be accurately 
estimated. Thus* for a part of the year at least* the animals must be 
getting insufficient amount of food. Apart from the question of quantity* 
the food is deficient in quality. The available amount of digestible 
protein is about l/8th the amoimt required* total digestible nutrients l/3rd 
and the nutritive ratio unusually wide. The roughage is thus of poor 
quality and is very often devoid of any vitamin A potency. In con- 
sequence there 1^ been a wide prevalence of malnutrition which is the 
great3st single factor of importance in the causation of the degeneracy of 
our animflJs. It retards growth* dela 3 PV sexual maturity, gives rise to 
emaciation and loss of working power, diminishes milk yield* brings about 
reproductive difficulties such as sterility, abortion* birth of weak or 
diseased calves* makes the animal more susceptible to infection and 
disease and increases mortality. 

The provision of more and better quality fodder is therefore of 
urgent necessity and immediate attention must be paid to tliis aspect of 
crop production. Unless this is done, it is impossible to improve the 
condition of the working bullocks which are the mainstay of agriculture 
and which* in turn* will affect the efficiency of our crop production organiza- 
tion including food and cash crops, and will*1^verely limit the return 
from the land. The bullock labour is practically the only motive power 
which drives the agricultural machine of our country and its inefficiency 
will naturally show its effect immediately. 

27, Rao Bahadur T. S. Venkatraman, Coimbatore. 

Sugarcane tops are valuable as fodder to cattle and in South East 
Australia, sugarcane is grown merely for use as fodder. 

28. Mr. a. M. Livingstons* Delhi. 


Quality Standards. 

Price is a simple index of market quality-— ce^erta parUms — ^the higher 
the quality the higher the price. One of the main problems in agrictdtural 
marketing is to ensure that producers secure an adequate premium for 
improved quality. 

Legi^tion of various kinds bearing on the question of quality exists 
in the form of Cotton Ginning and Pressing Acts, Food and Drugs 
Adulteration Acts and the Bombay Cotton Contracts Act. These Acts " 
are not designed primarily in the Interest of the |>roducer-sellar and 
probably function more as a protection to the buyer. Thd recent 
Merchandise Marks Act passed in the interests of sellers of certain brands 
of articles has only a very limited application to agriculture and does 
not affect the main problem. 
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The first obvious step is to define quality and provide some means 
of identifying articles which are of higher quidity than others. Quality 
may be defined with reference to certain minimum requirements of the 
market or as sometldng in the nature of a fair average or as a series of 
grades covering the various gradations in quality of a particular product. 

Gharacteristics of qus^ty are usually defined according to certain 
intrinsic factors such as length, fineness, colour and stren^h of fibre as 
in cotton, wool and jute, or simply as size and freshness in the case of 
eggs, or size maturity and freedom from blemish and disease in fruits, or 
purity of type, freedom from dirt and dama^|ed pprains, etc., as in the case 
of cereals and oil-seeds. Apart from the mtrmsic characteristics of a 
product it is also necessary to define the nature of certain other faqtors to 
ensure that it is well made and free fropi adulterants. This is particularly 
necessary in the case of butter, ghee, edible oils, coffee and foodstuffo 
generally. 

The necessity also for some forms of distinctive marking would be 
evident in regard to products in the last category and to all articles in 
tins or other closed contcuners. Indeed this applies to all cases where a 
buyer does not see the goods at the time of purchase or is unable to appraise 
the quality without, say, a close physical or chemical examination. It is 
essential, however, that a common system of marking should be adopted 
so that the same mark applies everywhere to the same standard of quality 
of any product. 

!l^m this circumstance arises the necessity for the Agricultural 
Produce (Grading and Marking) Acts adopted in many coimtries and 
for the corresponcSng Indian Act passed in 1937. Under this Act standards 
of quality and grade designation marks (AGMARK) have been applied 
to a wide range of agricultural commodities. Over Ij^ crores rupees 
worth of standardized graded produce bearing the AGMARK have 
already been put on the market by packers operating at over 200 centres. 
Carefid tests show that as compared with the same produce sold in the 
ordinary way ungraded, the standardized AGMARK products have in 
practic^y every case secured enhanced prices sometimes even more than 
50% above the ungrckded article. The problem of securing a premium 
for quality is therefore on the way to solution, but a much more extensive 
practical application of the Act is called for. 


29. Dr. P. H. Carpenter and Mr. C. J. Harrison, Tocklai. 
Quality in Tea. 


Thu paper commences with a discussion of the meaning of quality, 
as applied to tea, and describes the methods employed in practice, in 
assessing tea quality. It is shown that the only definition of tea quality 
of any practical use, is value on the market, and this involves a con* 
sideration of the appearance of the dry tea as well as the taste and 
appearance of the t^ liquor. 

The manner in which the methods of evaluating teas in commercial 
practice have been adapted to the experimental study of factors affecting 
tea quality is described and it is shown that the respite are capable of 
statistical analysis with a high degree of accuracy. 

It is pointed out that the ^tfoduction of tea is a combination of 
agrioulturm and manuiaotvuring processes, and that subsequent to the 
final stem of lypmufaoture, the finished article may still undergo changes 
which afee t te qualify. 

The jBMytOfi infiu^cing tea quality are conveniently divided into 
three Hfmxgst 

(I) tfemofryufactUTt influenoea . — ^These include all those factors 
oposiilKes Up to the pomt when the green leaf is landed at the witfaermg 
hqune* Tluy include jot (or variety of plant), soil type cmd condition. 
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styles of pruning employed, manuring, degree of shading, climatic condi- 
tions and many other factors Iqiown and as yet unknown. 

(2) ManuJtKSufing conditions. — ^These include all variations in the 
proc^ure of converting green leaf to black tea; variations in condition of 
the atmosphere in the factory and withering house, variation in types of 
machinery used; influence of certain typeo of micro-organisms; and many 
other factors. 

(3) Post-manufacture influences. — ^After the tea has been packed it 
may still undergo considerable change under different conditions of 
packing and storage, temperature and moisture content of the tea 
probably playing a major part* 

The effects on tea quality of all the various factors referred to above 
are discussed, and certain experiments are described in detail. 

Finally, the chemistry of tea and its relationship with quality are 
described and discussed. Attempts at correlation of various chemical 
constituents with tea value are described. 

30. Dr. V. G. Paksb, Indore. 

Quality in Cotton. 

DiO^culties in defining and measuring quality, which exist in several 
crops, have been almost entirely overcome in cotton, and spinning testa 
peHbrmed under standard conditions in the experimental plant at the 
Indian Central Cotton Committee's Technological Laboratory at Bombay 
are now a routine. The quality of cotton depends primarily on the 
strength and fineness of yam and also on its appearance, i.e. on evenness, 
freedom from neps, etc. These properties have been shown to be strongly 
correlated with the length and weight of the cotton fibres. This result 
enables the breeder to test a large nttmber of strains in the early stages 
for their probable spinning value and discard most of the unpromising 
material without the necessity of spending a lot of time and labour on 
multiplying it. The breeder needs rapid methods of measuring fibre- 
properties to help him to handle a large amount of material. Halo- 
length measurement on combed seeds as an estimate of fibre-length is an 
exan^le of such methods. 

Three species of cotton differing in quality are grown in India. Of 
these, G. herbaceum which is restricted to a small area in the West, and 
G. hirsutum which is generally grown only under irrigation, are superior 
in quality to G. arboreum which forms the bulk of the Indian crop. As 
the foreign market for this last type of cotton has considerably dwindled 
during recent years, the improvement in the quality of Indian cotton has 
become an urgent problem. The Indian Central Cotton Committee is 
devoting a large pi^ of its efforts on the breeding of superior quality 
strains in different parts of India, and there is evidence of some improve- 
ment having already been achieved. 

The success of improved strains in the long run will naturally depend 
on what quality is worth to the grow e r. It is the experience of breeders 
that any large improvements in quality are frequently accompanied by 
loss in the yielding capacity or the ginning percentage of the strain. 
Investigations at Indore have demonstrated that the premium obtainable 
for superior quality is generally too small to compensate any appreciable 
loss in yield. It follows that in reconunending superior quality strains 
to the grower, care must be taken that these are not inferior in yield 
to the variety it is proposed to replace. 

The fact that the premium on quality is very low does not mean that 
the buyer is imwilling to pay an adequate price. Cotton prices all the 
worM over are closely linked together, and the price available for Indian 
cotton of a particular quality depends, among other things, on the size 
of the American crop. The net result is that the trade cannot be expected 
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to pay any appreciable premium for quality, and this must be borne in 
mind by those oonoeruM with the improvement of quality of Indian 
cotton. 


31. Dr. J. S. Fatbl, Dacca 

Quality in Jute* 

According to commercial opinion a good quality fibre should be strong, 
fine, lustrous, long, free from roots, clean and of good colour. The rdle 
that these characters play in determining the spinning quality is 
explained. The infiuence of various factors on the quality is decdt with. 
For the production of good quality fibre it is essential to take reasonable 
care in the cultivation and preparation of jute. Absence of proper 
weeding and thinning result in thm and weak plants of irregular height. 
Uneven steeping and careless stripping and washing lead to the formation 
of runners, a condition in which the strips of outer bark adhere to the 
fibre. Specky fibre where patches of bark adhere to fibre is caused by 
uneven retting and insufficient washing. 

The time required for retting depends on a large number of factors 
such as the type of retting water, the stage at which the crop has been cut, 
depth of immersion, size of bundle, ratio of straw to water, temperature 
and the variety of jute. In stagnant water, the retting is quicker. Plants 
retted in water where other plants have b^n previously retted, take less 
time. Jute cut before maturity rets quicker. 

The quaUty of jute is al^ affected by soil conditions. A coarse 
fibre is obtained from sandy soils whereas clay soils yield a short crop and 
the plants do not ret properly. Loamy soils produce the best crop. 

So important is the influence of edaphio factors that the jute in com- 
merce is graded according to the place of its origin. Apart from the 
differences in quality between the two species, oltforius emd capsularia, 
which are recognized, varietal differences either do not exist or are so 
small that they are masked by the play of edaphio factors. 

Experiments are under way to analyze the influence of varieties, 
growth conditions and retting water on the quality of fibre. 

32. Dr. N. G. Chatterji, Cawnpore. 


Quality in OiU seeds. 

Quality in oil-seeds is judged mainly from two points — ^the quality 
and quantity of oil obtainable, and the quality and quantity of the oil-cake 
left after removing the oils 

Obviously these considerations ekre likely to be influenced from the 
commercial point of view by a number of factors, of which the following 
may be mentioned : — 

1. The proportion of the total oil that can be expressed or extracted 

out from the seed, depending largely upon the nature of the 
oil-bearing cells and other portions of the seed. 

2. The non-oleaginous matter associated with the raw oil, and 

the extmt to which these are removable by the ordinary 
refining processes. This has assumed ^reat importance 
during laoent years on account of the rapid increcuse in the 
hardened oil industry. 

3* The cattle-feed^ qualities of the oil-cake, depending upon 
its digestibility, proteid content, non-toxic nature even on 
storage for a length of time. 

4. The suitability of oil-cakes for particular industrial purposes. 
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In oonsklmng this subject, the oil chemist would perhaps be interested 
in the study of the influence of soil, manure and climatic conditions on 
the constitution and relative proportion of the various glycerides forming 
the oil, the agriculturist in flnding out whether any extra expenses incurred 
in manures and cultivation give increased profits worth the trouble, the 
economist on the disturbance in the internal and external markets likely 
to he created by increased production or bringii^ new areas under cultiva- 
tion, and the politician with the vagcuies of his brotherhood in creating 
artificial restrictions against the ordinary economic laws of supply and 
demand. 


33. Mit. M. Alam, Sabour. 


Quality in Rice with apecial reference to fineness* 

Quality in a crop could be classed into the following sub-heads: — 

(1) Grain quality: Colour and size of the grains. 

(2) Cooking quality. 

(3) Hulling quality: Breakage, husk and grain ratio, etc. 

(4) Aging or storing quality: Change in appearance or in cooking 

quality after storage for a few years. 

(5) Aroma or flavour of the grams. 

(6) Food value, i.e. percentage of carbohydrate, protein, minerals, 

etc. 

It is not necessary that all these aspects should have equal importance 
for all purposes and from all points of view. It is further possible that 
the same aspect of quality may have different importance for different 
classes of consumers. Thus, with rice, some consider long, fine ^ains 
to be the best in quality, wherecis others prefer the riiort, bold grains or 
the medium, fine ones. Similarly cooking quality or aroma has different 
stemdards for different classes of consumers. The cooking quality required 
for the rice /prepared by ordinary cultivators fpr everyday use is very 
different from what is required for preparing table rice or pulao used by 
the middle or higher cla^s. Similarly one particular fiavour may 
very much liked by some, but the same may be disliked by others. 

Quality in rice has, therefore, to be dealt with from at least two 
distinct points of view, namely; — 

(1) When used as a main diet. 

(2) When used for special preparations like pulao. 

The grain quality and cooking quality required in the first class is 
very different from what is required for the second one. Besides this, 
the food Value of the grains also assumes considerable importance with 
the former, whereas aging and aroma is of greater importance with the 
latter. The problem of quality, as required for the first purpose has been 
receiving considerable attention in recent yeexe — especially m Southern 
India — ^whereas the second one has not been studied except for a beginning 
that has been made in a few individual provinces. No one has actually 
been able to say as to what really determines the so-called quality of the 
reputed fine rices, which fetch so high a premium over the ordinary rices. 
The fineness of t^ grain alone is certaimy not responsible for this as in 
each tract we come across a large number of ordinary fine varieties like 
Basmatif Hansraf, etc., among U.P. rices, and Shamzira, Tulsimanfin, 
Badshahbhogt etc., among the Bihar rices. Another characteristic of the 
reputed fine rices is their aroma or flavour, which coiftits a good deal in 
determining their quidity; the question arises as to what constitutes this 
i^ma or favour and whether such rices differ in their phyaiccd properties 
like shape and size of gruns, water or fat absorbing capacity, etc., or not. 
There are other characteristics of these fine rices such as aging, milling 
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ai^ oookin^ quality, etc;, which also need careful investigation. The 
vwneties with best cooking quality do not allow the cooked grains to 
form a mass, so that even amr cooking each individual grain K»epe its 
identity — ^though elongating considerably and at times changing its 
shape. 

The reputed fine rices are believed to be capable of retaining these 
Equalities* only in certain restricted areas and there is a gcmeral belief 
that the same fine varieties when grown in localities even a few miles away 
from those to which they originally belong, not only lose their cooking 
quality but also get coarser and look different. It is this aspect of the 
problem which needs very careful investigation as it has, more or less, 
shut out the possibility of growing these reputed fine rices in tracts other 
than those to which they belong or even to extend its area in the same 
tract. Some preliminary investigations carried out under Bihar Rice 
Research Scheme have more or less establii^ed that these reputed fine 
rices coifid successfully be grown in absolutely new tracts without any 
change in their physical properties like size, shape, etc. A complete 
study of the problem, however, needs a more 83 rstematio investigation 
by growing a few of the reputed fine varieties in a few widely distinct 
tracts and seeing if there are any changes in the properties that go to 
denote quality in them. 

In so far as the inheritance of these quality characters are concerned, 
we are still in darkness and the inheritance of such characters as aroma 
or flavour, cooking quality, etc., has not at all been studied. Ordinarily 
one is apt to think that the problem is of importance only to the higher 
and wealthier classes of men, who use these fine rices in making pidao, 
but actually this is not so as even the poorest cultivator is anxious to 
set aside, at least, a portion of his land for growing these rices, which 
bring him much higher price with very little extra care. 

3i. Dr. B. P. Pal, New Delhi* 


Quality in Wheat and Tobacco^ 

Quality is a relative term and hcts reference to many characters. 
In general so far as the food crops are concerned, nnimi|iifiss, keeping 
quoUty, nutritive value, palatability, low waste, and attractiveness, 
constitute quality. In wheat, the so-called hard wheats or strong wheats, 
i.e. those whose flour is capable of producing a well-risen loaf of bread are 
generally preferred, both in India and abroad. For special purposes, 
however, e.g. biscuit manufacture, poultry feed, etc., soft wheats are 
preferred. Again for making macaroni and similar preparations, the 
extremely hard-grained durum wheats are used. 

Quality in tobacco, again, is judged differently according to the 
purpose for whkh. it is intended. Coarse, dark, strong.flavoured, thick 
leaf is preferred for chewing and for use in the hookcm. On the other 
hand, tobacco leaf intended for cigarette manufacture should be thin, 
of a bright lemon to orange yellow colour, and of a pleasant aroma. 
Tobacco requirements are again different as regcuxis cigars: here the 
tobacco for the filler, the binder and the wrapper should possess certain 
distinctive characters and special varieties are grown to supply these 
varying needs. 


35. Db* Gilbbbt J. Fowlbb, Madras. 


The use of the Activated Sludge Tank for AgrieuUural MMperiments, 

Scientific research on nitrification in modem times is early associated 
with the name of Warins^n. He set out many of the essenti^ conditions 
for ths successful oxi&tion of ammonia to nitrate. In Warington*# 
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experixnentB the process occupied considerable time, possibly weeks. It 
was Munro who showed that the process could be greatly hastened 
gystematically building up an active mass of the necessary bacterial 
culture. 

Here Munro developed scientifically what the Chinese farmer had 
long discovered in what he termed 'mother of petre*. Later this 
princi^e was rediscovered and applied to what is now well known as 
the activated sludge process. 

In the activated sludge tank it is possible in presence of sufficient 
well-conditioned activated sludge and of adequate air supply to convert 
ordinary domestic sewage into the innocuous end produotis of nitrate 
and humus in the course of a few hours and in an area less than 1% of 
that required for an ordinary sewage farm. 

Apart from the rapid oxidation of the organic matter of ordinary 
sewage, other biochemical operations of interest to agriculture can be 
accelerated by var 3 ring applications of the same principle. 

Thus by addi^ powdered vegetable refuse to the tanks the nitromn 
m the effiuent is immobilized and transferred to the sludge thus malmg 
both sludge and effiuent of more value to agriculture, since under certain 
conditions an excessive nitrogen content may be detrimental if the effluent 
is used for crop irrigation. 

By addition of powdered sulphur and rock pho^hate the latter is 
render!^ soluble and an effiuent rich in phosphoric acid and poor in 
nitrogen is obtained. 

The most recent use of the activated sludge tank for experiments of 
interest to agriculture is in the cultivation of crops in so-called 'Hanging 
Gardens*, i.e. in suitably designed receptacles fioating on the surface of 
the aeration tanks of the activated sludge installation. 

The immediate interest of these experiments is in connection with 
'Quality in Crops’. The discussion between the advocates of mineral 
fertilizers who may be termed the Liebig School and the organic manure 
supporters, who in view of his recently published book may be termed the 
Howard School, has recently become somewhat acute. 

In order to obtain conclusive evidence on the question news has 
recently been received of an experimental station to be set up at the 
Haughley Besecuxih Farms, nr. Stowmarket, Suffolk, England, T^ere the 
whole subject is to be carefully studied. It is anticipated that it may 
take 10 years before final conclusions are reached. 

Meanwhile the following results have just been reported from the 
Indian Institute of Science, Bangalore. Here for some time experiments 
have been carried out by Mr. S. C. Fillai on what have been termed 
‘Hanging Gardens*. In these a number of typical plants were grown. 
The experiment was under way when aeration became impeded through 
temporary blocking of the difihisers. Immediately the effect was noted 
in the health of the plants. About a week was taken to clean up the 
diffusers and restart operations. During this period a number of the 
plants showed clear evidence of insect attack. On resuming proper 
aeration they quickly recovered and ultimately showed an extraordineuy 
development of pp^wth as compared with canary pot cultures. The 
following are typical examples: — 

IttMffi , — ^Tank growth average development of tillers, lateral branches 
and ears 12 times greater than the pot control. 

Tomatoes. — ^In the case of tomatoes the tank growth showed 16 
fhiits as against 8 fruits in the pots. 

MarigMa . — 52 flowers in the tank and 9 flowers in the pot. 

Of course, a great deal of confirmatory work needs to be done, but 
the results as they stand are in line with all Howard’s contentions and 
with analogous experiments made several 3 rears ago. 

It would appear, therefore, that valuable results could be obtained 
by the use of ^e activated sludge tank as an experimental apparatus for 
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matly accelerating a number of changes which might take years to 
mvestigate by ordinary agricnltural methods. 

The PreeiderU'e oanduding remarks : 

Improvement for quality and for quantity do not always go together 
and circumstances alone can dictate whether quality is to l]« sacrificed 
for quantit37 or vice versa. At our present sta^, when we have in our 
midst, under-fed men cmd animals, greater attention should perhaps be 
given for quantity rather for quality first. Expansion of market and 
trani^rt facilities so as to enable proper distribution of agricultural 
produce and thus remedy dietary deficiencies in particular localities is 
also necessary. 

On the question of inorganic fertilizers versus organic manures in 
relation to quality in crops, the solution appears to be fairly obvious; 
We should try a mixture of the two kinds. We have not enough farm- 
yard manure available and, if only for this reason, it does not appear to 
be a sound policy to reduce the number of cattle as this would still further 
serious^ affect the supply of this valuable manure. As regards the 
proportions in which organic and inorgemic manures are to be used for 
obtaining maximum benefit, it is a matter for experts to decide after 
suitable experimentation. 

Reference has been made to the need for greater collaboration between 
the agricultural and nutrition research worker. We all agree with this. 
One step m this direction has already been taken up by the inclusion of 
the Public Health Commissioner to the Government of India in the 
Advisory Board of the Imperial Council of Agricultural Research. 

The question whether we should reduce the production of human 
food crops so as to give room for more fodder cultivation to our cattle is 
a difficult one to answer. It must be admitted that the need is for more food 
both for men and cattle. A good deal of careful crop planning is necessary 
to solve out the difficulty. For instance, the acreage under cultivation 
of sugarcane in the U.P., jute m Bengal and groundnut in Madras should 
all be controlled so as to avoid over-production on the one hand and meet 
market reqmrements on the other. In this connection, it would generally 
appear necessary to increase the acreage under pulse crops since, as thus 
discussion has eiiown, there should be greater consumption of the pulses 
by the masses. If, for some reason, the cultivator does not find pulse 
production paying, then ways and means of compensating him adequately 
will have to be devised. 


XXV. NEED FOR THE EXPLORATION OF WILD FORMS 
FOR THE IMPROVEMENT OF CROPS. 

(Sections of Agriculture and Bcdany.) 

Rao Bahadur T. S. Vekxatbaman, Coimbatore, presided. 

1. Rao Bahadur T. S. Venxatramah, Coimbatore. 


Sugarcane. 

If by any chaiice a field in cultivation happens to get neglected 
without the usual tilling and the sowing of agnoultund crops, certain 
changes in the fiora of the field occur which are of great interest to 
agi^culture. Two of these changes cue noticed below. 
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The field soon gets overrun with a large number of species of plants 
which differ widely from one another in such characters as size and shape 
of plants, depth and extent of root systems and obviously also their 
relative intake of plant food both in qiudity and quantity. This shows 
that in Nature the method of populating a piece of land with vegetation is 
to establish on it a certain munber of different species of plants. 
Agriculture is an attempt to establish one particular species on such land 
to serve human needs. 

Secondly, for the first year or two after the land is thus n^lected, 
one might &id a few plants of the previous crop from self sown seeds, 
but after a time these disappear almost completely being driven out by 
hardier types of vegetation, i.e., t3rpes which do not need the same care 
and attention that agriculture connotes. This shows that crop plants 
need special attention and care from man to keep them on the land 
against, what may be termed, its natural occupants. This is undertaken 
by man in return for the food and clothing which crop plants yield. 

Though the grsulational steps in the evolution of oiur present crop 
plants from their wild progenitors are not always clear, yet there is little 
doubt that the wild tjrpes represent the stock from which these crop 
plants have arisen. Briefly stated, this must have been through a process 
of selection from a large range of available variations with a view to meet 
man’s needs and desires. The available wild types thus represent, as it 
were, the original widely var3dng range of characters of the crop plant, 
the crop under cultivation representing just one set or grouping of 
characters as the result of selection. Similar characters or the same in 
different combinations might, therefore, be expected to be available in 
the wild types. The only known method of tapping these to the 
advantage of the crop is to cross crop plants with such wild forms. 

Coming to" crop growing, the special and somewhat * unnatural^ 
conditions imposed by agriculture and all that it connotes raise certain 
problems both for maintaining the crop at its present level and for 
improving it. All agricultural operations including those connected with 
the control of pests and diseases represent attemptd'to overcome handicaps 
imposed by agriculture. If, in the course of the exctmination of the various 
problems that confront tiie b reeder, he wishes to emphasize a particular 
character or bring out a new set of combinations, the obvious thing for 
him to do is to draw upon the wide variations available in the wild but 
related species. A collection of all the wild species and their close study 
is thus an obvious task for any crop breeder. Even in those oases where 
he is not yet able to employ the wild types as parents, their study gives 
useful ideas about the range and the liimt of variations to expect with 
reference to his own crop. 

One great obstacle to the proper utilization of the wild species is 
their non<cro 8 sability with the cultivated varieties. While a fair amount 
of intercrossing between the wild progenitors in the early history of 
crop plants hM to be assumed — and certain natural hybrids both in 
cultivation and in the wild state justify such an assumption — it would 
appear that the march of time has augmented original differences between 
the wild and cultivated t^mes rendering them not crossable with one 
another in their present mrms. Experience with sugaroanes would, 
however, indicate that there is room for further and more elaborate 
attempts in this direction with reference to all crops. 

The benefits that have accrued to the sugarcane crop from hybridiza- 
tion with the wild Saccharum have been remarkable and should prove a 
pointer to the breeders of other crops to m^e efforts in a rimilar diction, 
however unpromising or difficult the task may at first appear. Such 
benefits cover almost every useful agricultural characteristic of the crop 
from germination and tillering to an erect and close stand at harvest, 
from a deep and well developed root system to a shoot growth that suits 
certain difficult environmentfd conditions, and from resistance to drouglit 
and waterlogging to resistance to frost and to certain pests and disease. 
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Certain of these oharacten, euoh ae resistanoe to adverse oonditions in 
the environment, are of the type reasonably to be expected from the 
emplojnnent of leikl parentage. 

llie value of these ohamoters in the husbandry of the crop has been 
so marked that there is a growing desire to work into sugarcane breeding 
as many of the wild ty]^ as possible. Most of the present popular canes 
of both Java and Counbators have in them the blood of at least one wild 
Saeohairum and in the case of some Coimbatore canes even two. The 
United States of America recently sent out to the wilds of New Guinea 
an elaborately equipped expedition for securing the wild ancestors of 
the tropical or *noble’ type of canes. The main object m tl^ case was 
to breed against various diseases to which the canes in cultivation are 
getting increasingly liable. The introduction of such wild blood into the 
parentage of new canes might well be considered as an attempt to partially 
coimteract the handicaps imposed by the rather artificial conditions con- 
sequent on agricultural-crop-growing and is essentially in the nature 
of a * harking back to Nature*. 

As was to be expected, the wild types have introduced certain 
undesirable characters like pithiness and greater impurities in the juice. 
These, it has been found, are rectifiable to a great extent by back-crossing 
with ^e better types of sugarcanes. 

Results of sugarcane breeding possess certain features which may 
well have a wider sphere of utility. Not only have the cultivated canes 
crossed freely with the wild types but the hybrids have also generally 
proved fertile — not usual in other interspecific hybrids. This made 
it possible to back-cross the hybrids with either of the parents according 
to the characters it is desired to emphasize. Secondly, the species with 
which it has been possible to cross the cultivated canes belong to genera 
other than Sacchcirum and in one case to the other sub-family of the 
Qramineae as in the case of Bamimaa, Among other genera with which 
it has been possible to cross Saochartim are (1) Narenga, (2) EHcmthes^ 
(3) Sorghum, (4) Zea, (5) Teoainte, and (6) Bcmimaa. 

Any expla^tion for this behaviour of ScKcharum might give the 
key to the initiation of parallel hybridization in the case of other crop 
plwts. It is now admitted that the cultivated sugarcanes are complex 
pol^loids. Again considerable irregifiarities have been noticed in the 
meiosis of Saccharum such as the doubling of chromosomes on the mother 
side or the loss of certain of them. Science is now developing various 
means by which to artificially interfere and control chromosome irdieritance 
through treatment with chemicals like cholchicine or with physical agents 
like heat, cold and irradiation. 

To conclude, it would appear not unreasonable to hope that fortified 
with fuller studies of Saccharum and its wide-range hybrids it might 
yet be possible to increasingly employ the wild species in the case of 
other crop plants as well. The advantages are so obvious that such work 
deserves a front place in all crop-breeding programmes. 


2. D&. B. P. Paii, New Delhi. 

Potato and Wheat, 

The rediscovery of MendeFs laws of heredity in 1900 gave a stimulus 
to plant breeding, and numerous new forms of plants have been evolved 
by aeleotion and hybridization. After a time, however, it became apparent 
that in many cases the limit of improvement by this means had been 
reached; the genes present in the existing varieties had been aU utilized 
without attaining the ideal in several important respects. It, therefore, 
became necessary to discover or introduce new genes. 

It has been found that in many crop-plants, wOd or little-known 
alliell species or varieties exist and in severA instances these are hig^y 
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reaagtont.or even immune from the devastating diseases which 4kttaok and 
destroy their cultivated relatives; some of these wild forms also possess 
other characters of great value to plant breeding. Recognizing the 
importance of the exploration of wild forms for the improvement of crops 
the agricultural departments of several ooimtiies, notably Russia and the 
ij.S.A., have organized expeditions to various paxta of the world to make 
coUections of as many crop plants and their wild allies as possible. In thin 
way valuable materi^ has been gathered together. 

In potatoes, specially striking results have been obtained. The 
Russian and other expeditions to Central and South America have 
revealed the existence of a large number of tuber-forming species, some 
of which possess valuable characters not found in the common cultivated 
potato, Solanum tuberom^m. Among these new species are S. demiaaumt 
highly resistant to late blight and to frost; 8, JRybinU resistant to virus 
di^ases and having tubers with a short resting period; 8 , phureja which 
produces tubers under hot humid conditions and under short day; 8. 
andigemtm which ^prows over a very extensive area in S. America and is 
characterized by high yield, and a certain amount of resistance to diseases 
and to frost; 8. aoatUe and 8. ourtHobum which are resistant to frost, etc. 
The discovery of this material has entirely revolutionized potato breeding 
and opened new horizons. 

In wheat, several grasses, e.g. the perennial couch grass and AegHopa, 
have been crossed with cultivated wheats. The cross with the former 
is regarded as specially promising, and holds out the prospect of creatii^ 
varieties able to withstcmd the severe conditions of Siberia; there is 
also the likelihood of the production of perennial forms of wheat from the 
same crosses. 

In India, no thorough survey has yet been made of the wild forms 
of the cultivated crops. India is the centre of origin of several crops and 
possessiDg as it does a wide range of conditions varying from intensely 
cold, snow-bound regions to extremely hot regions, and from areas of no 
rainfall to areas possessing the highest rainfall in the world, there is every 
reason to hope that such a survey would disclose material of priceless 
value to breeders and geneticists. 

3« Mb. C. M. John, Coimbatore. 

OiZ-aeeda. 

When the improvements of crops effected with material available 
from the ordinary collection of varieties fall short of requirements, the 
need for utilizing wild or hitherto unknown forms possessing qualities not 
found in the usual cultivated varieties, suggests itrolf to the crop breeder 
as a possible line of approach. This course seems to be of facial 
application to the solving of numerous problems of oil-seed agronomy and 
is expected to hasten the improvement work on oil-seeds that has been 
in progress in this country for over a decade. 

In South India, the oil-seed crops that figure prominently in 
amculture and trcule are groundnuts (3^ million acres), Sesamum (7jl lakhs 
of acres), coconuts (5| lakhs of acres), and cctstor (3 lakhs of acres). The 
problems as they affect the breeding and improvement work done on 
these in Madras are indicated below. 

In groundnuts (Areu^U hypoyba) about 100 varieties exhibiting 
variation in habit of growth, duration, yields, nature of pods, sheUing 
outturn, colour of kernels and oil content have been boUected. High 
yielding strains of bunch and spreading types of plants have been evolved 
by selrotion. Cross breeding has been attempted to obtain new combi* 
nations of economic characters. Aspects such as strong pod attachment 
which would facilitate easy harvest of plants with the imderground pods 
remaihing attached to the vines, seed dormcmoy which womd eliminate 
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loM oimsed by the sprouting of seed in soil due to the receipt of rains 
«t hajTvest time, and resistance to wilt, clump and insect pests are problems 
^at await solution. A general survey of the existing material mdicates 
dearth of suitable basic materiaL There is evidence to show that in 
South America, there are types or species unknown in India and it is very 
likely that an extensive search in such areas would reveal the existence 
of new forms that would ultimately be of use in breeding work. 

Sesamum or til {Seaamum indiGum) is generally a three months’ crop 
in South India and is cultivated in different seasons. The varieties in 
most cases are season boimd and are therefore not interchangeable. 
Though the available varieties exhibit fairly wide variation of economic 
dharacters, non-lodging types possessing uniformity of rij>ening and 
varieties with non-dehi^nt cap^es are lacking in the Indi^ varieties. 
Africa is said to be ithe only area of distribution of almost all species of 
the genus Seaamum including wild forms and a search in Africa and India 
seems necessary for a representative collection. Recently a wild type of 
Seaamum has been collected from the low-lying hills on the West Ckyaeb of 
Madras and it has been found to be a vigorous growing t 3 rpe thriving in 
the shallow poor laterite soils of the hills. 

Coconut {Cocoa nucifera), unlike other oil-seeds, is a perennial crop 
and breeding requires a considerable time for achievement of results. 
There are at present about 20 different varieties of coconuts growing in 
Madras. Hybridization has shown immense possibilities, particularly in 
a cross between the ordinary tall type and the dwarf early type, wherein 
the Fj has combined the desirable qualities of both the parents. A 
search for more varieties in the coconut area extending from Madagascar 
to the Philippines would probably result in the fuiding of new and 
interesting types. Seven other species of Cocoa have been recently 
reported from Bahia in Brazil as useful sources of oil, wood, fibre and 
fodder. 

Castor (Bicinua communia) being a highly cross fertilized crop is 
polymorphic but lacks in types which would be useful in solving some of 
the immediate problems such as hardiness to withstand excessive rainfall 
or drought during early stages of growth and resistance to insect pests 
and fungoid diseases. These two problems are becoming increasingly 
important as the spread of some of the very heavy and prolific bearing 
strains evolved in Madras is being very largely checked by them. The 
only remedy seems to be to hunt for disease resistant types. The original 
home of castor is located somewhere in India or Afghanistan and a search 
in the representative castor tracts of these countries has to be made for 
locating desirable types. 

Thus though the requirements of breeding material for different 
crops are not identical the mode of attack, so far as the utilization of 
wild forms is concerned, if almost the same. It is considered desirable 
that the crop breeder who is interested in any particular crop explores its 
original home for the different varieties of the crop and the allied species, 
BO that he may utilize to the best advantage the seed material for solving 
the many and varied problems that confront him. 

4. Mb. Ali Mohammad and Mb. Sawan Mal Sikka, Lyallpur. 

OU-aeeda, 

The importance of exploring wild forms of plants for the improvement 
of crops in gonatal and with particular reference to Indian oil-seeds is 
dismused. The greatest use of wild forms lies in the fauet that they 
furnish genes which could be bred into new varieties capable of resisting 
diseases and withstanding the effect of drought and cold. Counting 
on Vavilov’f principle of group immunity of geographical races, fiir^er 
mxp|ovesoittt m our existing varieties of oil-s^ crops could be effected 
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firstly by mctking a careful study of their wild ancestors^ with regard to 
their power of resisting the attack of diseases, cold and drought and then 
by hybridizing the most desirable forms from cunongst them with our 
present*day cultivated species. The sterility of the first generation 
hybrids, obtained by crossing of allied species or geographical races, 
should on no account be a block to further progress, as several methods 
are now known by which the fertility of the sterile hybrids could be easily 
restored. It is suggested that the Imperial Council of Agricultural 
Research will interest itself in the problem and set up suitable agencies 
for collecting wild forms of crops for use by plant breeders in India. 


5. Mb. K. Ramiah, Indore. 

Cotton and Rice. 

Cotton : 

There are now 19 recognized species of Qoaaypium, both cultivated 
and wild, some belonging to the 26 chromosome group and others to 
the 13 chromosome group. Of the above, only 13 are really wild species. 
Several crosses between the wild and cultivated species have been studied 
recently and a certain amount of knowledge gained about the relationships 
of the species mainly from the degree of chmmosome conjugation in F^s. 

Though the wild species do not appear to possess any of the useml 
characters for which cotton is cultivate, on the analogy of studies with 
wild species in other crops, the breeder might expect to get from the wild 
types such ^nes controlling resistance to diseases and insect pests and 
general hardiness for incorporation in the cultivated forms. Owmg to the 
difficulty of sterility in FjS of several crosses between wild and cultivated 
species only two crosses which do not show such sterility have been 
studied extensively, one with Q. tomentoeum (26 chromosome group), 
and the other with O. anamolum (13 chromosome group). Whether 
physiological characters like resistance and hardmess can be transferred 
from species to species in the same way as morphological characters 
appears to be doubtful from the limited experience available. Our 
knowledge about the genetics of wild species is still very sccmty and 
probably as this knowledge advances, there might be greater scope of 
making use of wild types for economic ends. 

The work on Qoaeypivm has however brought to light several instances 
in which certain forms or types have proved more useful for breeding 
purposes in tracts other than their home and from this point of view it 
is highly desirable that the breeder collects and maintains a large collection 
of varieties and geographical races and subject them to a process of 
acclimatization. 

Rice : 


All the cultivated forms of rice belong to the single opecies, Oryza 
sativa. A comprehensive botanico -geographical survey of the genus, 
Oryza^ particularly in India and the eastern countries has not been made 
and the available information regarding iroecies and their distribution is 
still meagre. Only a few wild species of Oryza are so far known and the 
number of inter-species crosses actually studied is still fewer. 

Work in Coimbatore has shown the possibility of obtaining drought 
resistant types from crosses with the ^d species, O. JUmgiikamiinata. 
The diseases of rice in spite of their in^rtance have not received any 
considerable attention stiU in India and breeding for disease resistance 
has BO far been confined to crosses within the species, O. eaUva. It is 
quite possible that some of the wild species may have some useful genes 
from this point of view. An exploration of such possibilities can only 
be made when a sufficient collection of wild species has been made imd 
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Studied. From the knoiidecto of the distribution of OrysKxe and a section 
of the closely related tribe Phaiaride the tracts likely to prove useful for 
escploration are S. India, Central and S. Africa, N. Australia «ii4 Indo- 
Chma. Because of the extreme importance of the crop to India, it is 
very desirable that at least the eiploration of the region within the country 
itself should be taken up immediately. 

6. Mb. a. 0. JoSHi, Bencu'es. 

Fruit Trees. 

Explorations by Russian botanists in Central Asia and Caucasia 
have led to the discovery of numerous wild and semi-cultivated varieties 
of plums, apricots, peaches, almonds, cherries, apples, pears, grapes, 
walnuts, etc. Most of these varieties were previously unknown to science 
and are endemic to these regions. Many exhibit great hardiness, resistance 
to drouj^t, frost and several diseases. Some also show good quality 
and flavour. For these reasons they have proved of great value in breeding 
work. As a result of their discovery large areas formerly barren have 
been brought under cultivation and turned into profltable orchards. 

Three out of the eight * primary centres of origin * of cultivated plants 
recognized by the Russian workers border on India. These are : (i) Central 
Asia, (ii) mountains of Eastern and Central China, and (iii) the Indo* 
Malayan area. A fourth centre fedls in this coimtry itself, namely, 
N.-W. India and Afghanistan. Most of the Old World fruit trees have 
originated in these regions. India is, therefore, in an exceptionally good 
position to organize the exploration of new varieties of Old World fruit 
trees. This may lead to the solution of many of our important horticul- 
tural problems, which cannot be solved by other methods. Our Citrus 
oroha^ are attacked b^ numerous insect pests and fungal and bacterial 
diseases. Exploration m north-east border of India and China, the 
original home of this genus, is likely to lead to the discove^ of varieties 
resutant to these diseases. The problem of ^alternate bearing* in mango 
may be solved by carefully observing the yield of a lai^ number of trees 
in this country and the Indo-Malayan region and discovering varieties 
bearu^ fruit every year. Wide e^lorations of this type would greatly 
help in extending the area of fruit cultivation in this country by dis- 
covering varieties of different fruit trees suitable for growing under 
different climates. 

A point deserving special consideration in future exploration and 
introduction of new varieties of fruit trees is the vitamin content and the 
amount of other nutritive principles in the edible parts of the fruits. 
This has not received much attention in the past, but may be extremely 
important for the health of the nation. 


7. Db* Km Nakdi, Jorhat (Assam). 

General Crops, 

It is the common experience of breeders of crop plants that the 
limit of improvement within a species by intraspeciflo hybridization and 
selection is soon reached by the combination and recombination of the 
constant stock of genes, without the ideal types having been obtained. 

A study of the commercicd varieties of potato by Bukasov disclosed 
the limited possibiUties of improvement. As a result of botcmico- 
geographical Judies by Vavilov and his associates in Russia expeditions 
were sent to O^tral and South America, the centre of origin of potato, 
and this led to the discovery of 18 new cultivated species and 65 wild 
speeies comprising about 200 distinct varieties and thousands of forms. 
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Several of these have been found to possess extremely valuable qualities 
such as resistance to diseases, drought, frost, etc. Prior to this the 
work on potato was confined to the single species, Solanum 
and even the linnean composition of a species was not known. 

As a result of similar expeditions to almost all parts of the world, 
Russia has made a collection of 29,200 forms of wheat. Amongst these 
are several wild species and forms immune to disecuses. Expeditions to 
Caucasus, Central Asia and mountains of Azerbaijan have also led to the 
discovery of wild species of apples resistant to frost and woolly aphis, 
wild pears resistant to diseases, drought and cold. Discoveries of similar 
wild pkmts have been made in respect of a whole series of other crop 
plants which are being utilized not only for the improvement of cultivated 
plants but also for the production of entirely new species of crop plants 
resistant to diseases and unfavourable climatic conditions. 

The researches of Papov have shown that side by side with Amygdalua 
communis^ the wild progenitor- of the cultivated almond, there appear 
related wild species A. Korahinakyit A. bueharica, etc., in their centre of 
origin just as with Prynte communis, the progenitor of the cultivated pear, 
there occur P. Boisaeriana, P. Korahinakyi, etc. With the help of 
cytological studies the origin of cultivated species from the wild species 
has been traced. Sorokina by crossing wild species of A egilopa trtuncialia 
with Trtficum dicoccoidea has synthesized the wheat species Triticum 
persicum resistant to rust and mildew. On the other hand, Eghis, Kostoff 
and Clausen have produced several triple hybrids experimentally by 
crossing three species differing in their multiples of the basic chromosome 
number. The success of Karpechenko and others in the production of 
intergeneric hybrids and the conquest of sterility by duplication of c^omo* 
somes with colchicine have opened up a colossal possibility in the 
improvement of crop plants which may yet be realized by the combined 
study of genetics and 03 dK>k)gy. 

In the U.S.A. there has bron a conscious shift in the plant introduction 
objectives from the discovery of improved varieties of plants to a search 
for wild forms of cultivated plcuits. When the Cantaloupe industry in 
that country was threatened with destruction by powdery mildew, it was 
a wild Indian musk-melon, most unpromising and over-looked as a crop 
but possessing the single chcurcbcter of being resistant to the disease that 
saved the industry from ruin. Similarly, the sugarcane industries of Java 
and Lousiana were saved from the destruction of Sereh and mosaic diseases 
respectively through the incorporation of wild genes from Saccharum 
apontaneum, foimd growing throughout India in places liable to severe 
^ught and fiooding. Even in India it was found as early as 1912 that 
intraspecific hybridization within the cultivated species of sugarcane did 
not result in the production of types resistant to diseciseB and adve^ 
climatic conditions. But interspecific hybridization between the wild 
species S, apontaneum (Coimbatore form) and 8, officinarum resulted 
in the production of greatly improved types of canes resistant to diseases 
and drought. The value of wild species €«xd wild forms as genetical 
material for a fight against the ever-increasing diseases and adverse soil 
and climatic conditions have been recognized in almost all the advanced 
countries. When the work of the Russian Geneticists was known the 
Swedish Plant Breeding Institute sent an expedition to S. America for 
the collection of frost resistant forms of potato. Quite recently the 
Governments of the U.S.A. and Australia are scouring the world in search 
of ^^Id forms of crop plants with the object of introducing resistance in 
their cultivated types. , 

Recent cytogenetical studies have disclosed the fact that most of our 
crop plants originated from wild forms. In the course of evolution, the* 
cultivated plants having been subjected for centuries to a process of' 
inbreeding and selection for a very specialized purpose have lost a good^ 
number of dominant genes and have gr^tly changed from their progenitors.. 
Thus we find the defects common to all our cultivated plants are susoepti^ 
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biJity to diaeaeea aod insect pests, sensitiveness to unf*voiirable oonditions 
of growth and general loss of vigour. It is now increasingly realized 
that the wild relatives of cultivated plants maintaining themselves in 
nature amongst competitors and severe conditions and withstanding the 
rigours of natural selection must have developed some traits quite different 
from the cultivated plants. The wild forms are, as a rule, found to 
be genetically distinct with dominant genes, complex group immunity to 
diseases, great adaptability to extreme conditions and he^ness. It is 
specially mr these characters that they are chosen as parents in crosses. 

The present and the most urgent need in India is to make a systematic 
and exhaustive collection of wild species and wild relatives of all the 
cultivated crops from their respective centres of origin and incorporate 
the wild genes into the existing improved types of crop plants so as to 
make them immime to diseases, tolerant to adverse cUmatio conditions 
and vigorous. Work on interspecific hybridization between cultivated 
specieB and the wild species is therefore likely to play the most important 
rdle for the synthetic creation of polyploid forms of crop plants with the 
above qualities and in this, wild genes hold the key in the building up of 
future agriculture. 

From the discussions that had already taken place, it is clear that 
we wrill have to explore wild forms for breeding purposes. So far, very 
few explorations for search of wild forms have been carried out. This 
cannot be done unless and until we have Provincial Botanical Surveys 
which will organize provincial excursions to make provincial and regional 
floras and herbaria. This work is meant to be done by the new society 
called * Indian Ecological Society* which will hold its opening meeting 
tto week. This society can be utilized in the matter of exploration of 
wild forms of cultivated forms. 

While the importance and urgency of the matter were realized by 
every one present at the meeting, a considerable amount of discussion 
took place on problems like how the work is to be carried out, what to 
do with the material collected, what arrangements are to be made to 
maintain the collections, etc. Ultimately, the meeting unanimously 
passed the following two resolutions; — 

Besolved : 

(1) That early and efficient steps be taken through the Imperial 
Council of Agricultural Research and similar bodies as well as through 
our Universities to collect together and describe in all aspects the wild 
species of plants related to the main agricultural crops of the country. 

(2) That a Committee consisting of Messrs. K. Ramiah, Indore, 
Rao Bahadur T. S. Venkatraman, Coimbatore, Dr. B. P. Pal, New Delhi, 
and two members selecte4 by the Indian Botanical Society be authorized 
to work out details in this connection and give effect to the first resolution. 


XXVI. SULPHANILAMIDE GROUP OF DRUGS. 

{Sections of Piysidlogyy Chemistry^ and Medical and 
Veterinary Reseat.) 

Db. B« B, Dxeshit, Bombay, presided. 

Ik K. Ganapathi, Bombayi opened the discussion. 

Mir. Ckuoapathi said that although more than 700 sulphanilandde 
ootqpOUlldA have been studied and many have been introduced for clinical 
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trials, those that are outstanding are — sulphanilamide, 2-sulphanil- 
amidopyridine (sulphapyridine), 2-8idphanilajnidothiazole (sulphat^zole) 
and 2 -sulphanilainido -4-methyl thiazole (sulphamethylthiazole). In spite 
of the complexity of the question, some relationship between chemical 
constitution and chemotherapeutic action, within narrow limits of struc- 
tural changes, is apparent in this class of compounds (Foumeau, Trefouel 
et al, ; Ganapathi). There also appears some sort of specificity in the mani- 
festation of therapeutic action by different compounds in various infections 
(Kosenthal ; Ganapathi ; Marshall). 

Sulphanilamide possesses irrefutable therapeutic effect in the infec- 
tions due to^haemolytic streptococci, meningococci, gonococci, dostridium 
welchii and B. ooli; it also appears to be effective in BruceUa abortus 
and B. proteus infections ; against the pneumococci its effect is less striking 
and against the staphylococci far less. Sulphapyridine shows a striking 
effect against the pneumococcus infections in addition to being as good as 
sulphanilamide in others. Sulphathiazole, synthesized independently 
and extensively studied at the Haffkine Institute, shows a striking effect 
in the streptococcal and pneumococcal infections (Kao and Ganapathi). 
Its effect in plague infections is outstanding being far superior to sul- 
phapyridine (Sokhey and Dikshit). In staphylococcal infection, it is 
definitely superior to sulphapyridine (Long and Bliss). It is effective 
in P, Knowlesi infection in monkeys (Dikshit and Ganapathi). The above 
three drugs possess fairly good therapeutic effect in expKerimental E, 
typhosus infection in mice but absolutely with no effect in F. cholera 
infection (Kao and Ganapathi). The two virus infections definitely 
infiuenced by these drugs are lymphogranuloma venereum and trachoma. 
Ex^iimental rabies infection in mice and vaccinia virus infection in 
ralmits appear to be refractory to treatment with these dru^s (Bao and 
Ganapatln). The trypanosomes and the spirocha^tes are tuunfluenced. 

Of the above three compounds, the last is the least toxic. All are 
absorbed fairly rapidly from the gcbstrointestiniU tract and distributed 
throughout the body. Part of the drugs gets inactivated by acetylation. 
They are excreted fairly rapidly, sulphapyridine being the do west of the 
lot. In the clinical trials with these drugs, their blood concentrations 
attained rather than the oral dose diould be the criterion. A critical 
study of the veudous aspects of the question indicates that in mild infec- 
tions a concentration of about 3—5 mg. per cent of the free drug in the 
blood should be maintained while in severe infections at least 5—10 mg. 
per cent through the course of the infection. 

The mechanism of action of the sulphanilamides is much more subtle 
than that of the simple germicides. The theories that they act by neutra- 
lizing the toxins, stimulating phagocytosis or other specific immune 
defences of the body have not much evidence to back up. Mayer, 
Schaffer, Fox and others consider the biologically mediated oxidation 
product of sulphanilamide to be responsible for the therajjeutic effect. 
There is greater support for the theory that the sulphanilamides are 
primarily bacteriostatic in action rendering the micro-organisms vulnw* 
able to destruction by the immxuie forces of the body. This bacterio- 
static action, in general, is traced to the interference of the drugs irith 
some enzymatic reactions connected with cell nutrition and metabolism 
of the parasite cells (McIntosh and Whitby ; and others). The enzyme 
thus inactivated have variously been suggested to be the proteolytic 
enzyme (Lockwood) ; Catalase (Locke, Mellon et oJ.) ; th^ enzymes having 
glyceral, pyruvate and lactate as their Substitutes (MacLeod). The recent 
interestirig researches of Stamp and of Green have culminated in the very 
significant theory of Woods and Fildes that sulphanilamides act by 
competing, by virtue of their structural similarity, for an enzyme of some 
fundamental nutritional importance with its natural substwce ^ which 
is an ‘essential metabolite* surmised to be paro-amino-benzoic acid. 
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2. Db. U. P. Basu, Baranagore (Galcatta)* 

Dr. Basu said that since the announcement of the anti-streptococcal 
activity of ‘prontoe^’ extensive investigations have been cwied out 
both chemically and pharmacologically to find out a clue to its charac- 
teristic mechanism of bacteriostatic and bactericidal action, and it was 
soon noticed that the parent compound, sulphanilamide, is equally thera- 
peutically active compared to a large series of derivatives already synthe- 
sised. The question, whether sulphanilamide is or is not the sole active 
agent in this new therapy, remains still unsolved, but work has alwa3?s 
been in progress to obtain one or other derivatives of ihe same in the 
expectation of isolating a more potent drug. It has been definitely 
established that any alteration in the constitution of its molecule prac- 
tically annuls the therapeutic activity of the drug. The substitution 
of the * amino* hydrogen by quinoline and acridine rings may increase 
the solubility or lessen toxicity of the product ; it is, however, the replace- 
ment of the * amino* hydrogen by suitable substituent that only widens 
the range of activity of the drug. The toxic manifestations after ingestion 
of the drug has again led to considerable investigations of biochemical 
nature, and the results obtained, have been utilized in the proper clinical 
application of the drug. The phenomenon of acidosis and cyanosis can 
be easily detected and controlled. A knowledge of the chemical character- 
istics of the drug or its conjugated product is helpful in preventing any 
urinary obstruction or even renal calculi. A study on the non-protein 
nitrogen content of the urine of patients would indicate the infiuence 
of the drug in the haemopoietic system. Thus, in any work with this 
drug therapy chemistry would not only play a part in the synthesis of 
any potent product but may also help in controlling the side reactions 
exerted by the drug. 

The mode of action and the precise therapeutic limitation still remain 
a matter of uncertainty, and as a result, chemists have to adopt a blind 
method and roam in darkness in search for a compound of any clinical 
importance. Evidences are there to show that oxidation of the drug, 
or inhibition of some bacterial enzymic reaction is responsible for the 
bacteriostatic action of this group of drug. Whatever it may be, the 
problem is to be solved so that the proper group or groups may be attached 
to the sulphanilamide molecule to render it selective for different bacterial 
types. An important thing in this work is the organization of collabora- 
tive effort between chemists, bacteriologists, pharmacologists and clinicians 
and an all-round attack on the problem from different angles. 


3. Lt.-Col. S. S. Soxhey, I.M.S., Bombay. 


Lt.-Col. Sokhey wrote about the very remarkable results he was 
getting with sulphathiazole in the treatment of plague at Latur, 
Hyderabad (Deccan). 

The first thing to be noticed in the present trial, he said, was that 
the cases being brought to hospital were of a very severe nature ; a much 
larger number of cases had septicaemia at the time of admission than he 
had ever noticed before. So far he had treated 55 patients. Twenty- 
two patients among this group who did not have septicaemia at the 
time of admissioii had all survivea. Out of the 33 senticaemic cases, 
0 were moribund stt the time of admission and died within 24 hours of 


admission ; of the ramaining 24 cases, 19 had survived. Thus the percen- 
tage of recoveries in non-sept icaemic cases was 100% and in septicaemic 
cases 80%. Even if moribund cases were included he got the percentage 
of survivors in septicaemic cases as 58. It was to be noted that mortality 
in septicaemic cases with the usual treatment in vogue in ho^itaJs at 
present is 100%. 

I During the present trial the dosage was being controlled by the 
deterxnination of the concentration of the drug in blood from time to 
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time. An attempt was made to get a concentration of at least 10 mg. 
per 100 c.c. of blood as rapidly as possible and this concentration was 
maintained for 3 or 4 days and then the dosage was gradually reduced. 
It meant giving of something like 4 gm. or 8 tablets of the d^g on ad- 
mission and 8 tablets 4 hours later, followed by 2 to 3 tablets every 4 
hours. This dosage was much larger than the one used at Bettieih in 
another field trial. Colonel Sokhey was not sure whether this very 
large dose was really needed. He was still attempting to determine an 
effective but not too large a dose. The question of toxicity was also 
being carefully studied. 


4. Sm Eajo^ath Chopka and Db. B. Mukerji, Calcutta. 

In the absence of Sir Ramnath, Dr. B. Mukerji presented the results 
of the investigation on the sulphonamide group of drugs undertaken in 
the School of Tropical Medicine and the Biochemical Standardization 
Laboratory. The investigations were planned with a view to study the 
compcwative toxicity and therapeutic efficiency, both in laboratory 
animals and hospital patients, of the more important and commonly 
used remedies of this series— (i) ‘prontosil rubrum* and ‘prontosil soluble* 
among the azo dyes; (ii) sulphcmilamide, a non -patented drug sold under 
a variety of trade names and manufactured by a large number of finns 
both foreign and Indian; (iii) sulphapyridine and its soluble sodium 
derivative; and (iv) sulphathiazole, the recently introduced thiazole 
analogue of sulphapyridine. The'^ experiences gained from this work 
during the course of the last year and half has been summarized below. 
In the laboratory, sulphathiazole has been found the least toxic of all the 
derivatives of this series, a finding which confirms previous work on the 
subject both at the Squible Research Institute, America and the Haffkine 
Institute, Bombay. 


I. Bactericd and virus diseases, 

(i) Cholera is an important disease from the point of view of India 
and a large number of epidemic cholera cctses were treated with diseptal B 
(p-aminobenzene — sulphonyl — ^p-conino-benzene-methyl — sulphonamide) 
in doses of 3 gm, daily for 3-4 days. A control series were treated with 
fractional doses of c^omel. Intravenous saline therapy was adminis- 
tered in all the cases in both the series. The mortality rate in the series 
treated with diseptal B was 7*9% as against 12*69% in the control 
series. This compares favourably with the results obtained in the 
treatment of cholera with bacteriophage. 

(ii) Enteric group, — ^Two acute cases and two carriers who were 
passing large number of organisms in their stools were treated with 
sulphapyridine in usual doses. No appreciable effect in the number of 
Bact, typhosus in faeces was demonstrable. 

(iii) Sulphanilamides (manufactmed locally and of 
foreign origin), sulphapyridine and diamino -diphenyl-sulphone glucoside 
were employed in the treatment of Meningitis both independently or 
combined with serotherapy. The majority of the cases belonged to 
meningococcus Gr. 1, a few were pneumococcal and an occasional one or 
two cases were tubercular or of the infiuenzal type. The mortality rate 
was reduced from 60%*in the control series to 32% in the drug-treated 
series. The combined drug plus serotherapy gave better results 
(Chopra et a/., I,M, Qaz., 1940). The' best results were obtained with 
sulphapyridine. In pneumococcal meningitis, chemotherapy with any 
of the s^phonamide preparations was unsatisfactory. 

(iv) B, coli cystitis, — ^Three patients were treated with sulpha- 
pyridine (3 gm. for 5 days), of which two cases showed remarkable 
improvement. The third case however relapsed after a month. 
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(v) SmaUpox . — effects of aulphap3rridme and prontodl were tested 
in cases of hemorrhagic smallpox with no apparent success. 

(vi) Hydrophobia , — In one case of hydrophobia, in which antirabic 
vaccine was administered previously, sulphapyridine soluble was adminis- 
tered intrathecally in Normal Saline. The only noticeable effect was 
slowing in the progress of the disease but death ensued in the ordinary 
course. 


II. Protozoal diaeaaea, 

(i) Malaria, — ‘Prontosil* and " Soluseptasine * have been shown to 
possess a definite action on Plaamodium Knowlesi in experimental infec- 
tions in monkeys when administered in comparatively large doses. Sul- 
phap3rridme is capable of destroying the monkey plasmodium in doses 
much less than the optimum therapeutic dose ordinarily prescribed. In 
human mahuria also, i^phapyridine showed mild anti-mal^ial properties. 

(ii) Leiehmaniasis , — ^The sulphonamides do not show any remcurkable 
curative properties in kala-azar. 

(iii) Amoebiaais , — In chronic amoebic infections, sulphonamide 
derivatives have been tried in the hope of finding something better than 
the existing remedies in chronic cases. The results are poor. 

III. Helminthic diseases, 

Filariasis is widely distributed ki the tropics and it is now well 
known that secondary streptococcal infection plays an important part 
in the production of acute lymphangitis in cases of this iiffection. No 
drug has been found so far which can destroy the filaria in the body but 
*prontotil’ and its derivatives brought about rapid cure in surgical com- 
plications of filariasis where no secondary bacterial infection could be 
discovered. 

From the experimental and clinical work with some of the more 
commonly employed sulphonamide derivatives, it is now possible to 
state that these drogs are of definite value in malaria, meningitis, possibly 
cholera, plague and B, coli cystitis. In conditions where associated 
infection with streptococci is existing, e.g., filariasis, influenza, measles, 
etc., they undoubtedly produce beneficial effects. 

Toxic manifestations with these drugs undoubtedly occur but these 
are comparatively rare in therapeutic dosea Moderate cyanosis is not 
usually an alarming symptom. The sulphonamides undoubtedly affect 
the hemopoeitic system and the sulphur in its molecule does combine 
with hemoglobin but unless the dosage is pushed to extremes, these diffi- 
culties are not of sufficiei^t importance from the practitioner's point of 
view. Laborious exj^rimental work is needed both in the laboratory 
and in the clinic to bring out the extent of the practical value and applica- 
tion of these derivatives in tropical diseases. The tendency, often seen, 
of making pronouncements on the efficacy or otherwise of a particular 
compotmd or derivative without adequate chemotherapeutic and clinical 
trials is to be strongly deprecated. 

5 . Db. B. a. Pathak, Benares. 

The speaker put forward the general practitioners’ points of view 
regarding the sulphanilamide drug. He remarked that these drugs 
probably had no phatimctcodyncunic action; they were evenly distributed 
m the body and rapidly eh’minated. They produced their effect only 
when the organisms were actively multiplying in the blood or in the 
tissues. He briefly referred to the combination of the drug and serum 
therapy and said that the general practitioner found it difficult to 
determine the blood concentration of the drugs or type the invading 
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organisms and suggested that a clear knowledge of the dangers of t^s 
drug and the maximum safe dose limit would be the only guides on which 
he oduld bstse his therapy. He also referred to the problems of idiosyn- 
crasy and the pathogens getting drug-fast. After mentioning the local 
and prophylactic uses of the drug he gave a warning about the indiscri- 
minate use of these new drugs and mentioned how some quacks were 
misusing them. 


6, Dr. B. B. Ray, Calcutta. 

In connection with the treatment of cases of cholera with sulphon- 
amide group of drugs referred to by Sir R. N. Chopra and Dr. B. Mukerji, 
an important question arises which needs careful consideration. Cholera 
is a disease ch^acterized by oliguria and in extreme cases, anuria. Sul- 
phonamides are excreted almost wholly by the kidneys. Is it not likely 
that in cholera there will be an accumulation of the drug in the blood 
to a degree which might give rise to serious complications? Again, it 
has been contended that sSiphonamide group of drugs are prone to bring 
about an acidosis and from this consideration, the use of sodium bicar- 
bonate along with sulphonamide therapy has often been advocated. 
In cholera, there is already a certain degree of acidosis and it seems reason- 
able therefore to avoid administering a remedy which is apt to aggravate 
such a condition. In a large number of cases of cholera, simple treatment 
with saline without any drug gives a cure rate of as much as 70^, 
Therefore, in cases treated with both saline and sulphonanudes, it is 
difficult to ascribe an^ remedial importance to sulphonamide unless 
very careful controls are maintained. In treating cholera, therefore, the 
workers should keep these contra-indications in mind. 


7. Dr. B. B. Dikshit, Bombay. 

In summarizing the discussion Dr. B. B. Dikshit said that co-operation 
between chemists and pharmacologists has proved extremely valuable 
in the field of chemotherapy and hoped that such a co-operation will 
result in many more new advances in the treatment of human sufferings. 
He paid a tribute to the zeal of Indian chemists who are synthesizing new 
compounds almost every day and pointed out that pharmacologists 
available at the moment in this coimtry to test these new compounds are 
very very few in number. Moreover, a pharmacologist has to imdertake 
a large number of careful investigations before pronouncing a drug as 
suitable for clinical trials. A proper organization to study chemothera- 
peutic agents should have at lea^ 10 pharmcbcologists for every one chemist, 
and this too, in his opinion, was a very moderate estimate. The propor- 
tion at present prevalent in this country is just the reverse or even less. 
A very large number of uaaful preparations have therefore to await 
pharmacological investigation for a long time. He further pointed out 
t^t pharmacologists have to keep in mind the important factor of biolo- 
giccd variation and warned against conclusions drawn by some workers 
on experiments conducted on a few animals. He briefiy referred to 
the team work organized by Col. Sokhey at the Haffkine Institute and 
said that this team work was working very satisfactorily. 
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XXVn. THE PSYCHOLOGICAL FACTORS IN ADULT 
EDUCATION. 

{Section of Psychology.) 

1. D». N. N. Sbn-Gupta, Luoknow. 

I. Somt of the Psychological Problems in AduU Education^ 

(i) The existence of a well-formed mental set comprising organized 

interests, ideas, scheme of values and outlooks that reject 
new material not consistent with them. 

These resist, for instance, the mechanical aspect of 
learning such as spelling, writing or simple calculations of 
arithmetic. They also resist the appeal means of pictorial 
presentation and by the arousal of emulation. 

(ii) The presence in adults of a tendency to seek a concrete meaning 

in everything. 

Tins resists the introduction of much of formal training. 

(iii) Varying phases of the curve of growth and different rates of 

growth in adult. 

These make the creation of a compact pupil-group difficult. 
Consequently, the teacher cannot treat the class as a unit 
but as a collection. Teaching has to be in the form of indivi- 
dual appeals. 

(iv) Diminished values of teacher’s personality. 

Experience gives adults a value scale along which indivi- 
duals are measured. To the child, the teacher appears with 
almost paternal authority. To the adult he is a wage-earner 
whose value can be estimated along an economic scale. 

(v) The existence of a psychic tendency to be critical and to be 

passive. 

The first of these arises on account of diminielied suggesti- 
bility. The latter arises from lack of interest. 

(vi) The difficulty of appeal to reward and puni^ment. 

This stands m the way of ensuring study and correction. 

(vii) A lowered valuation of the educative process in comparison to 

the actual life. 

This leads to a certain levity in regard to the educational 
efforts. 


II. ^ Psychological Analysis, 

The difficulties arise on account of the following: — 

(i) Accentuation of individual differences due to the varied personal 

history of individuals. 

(ii) Lowered suggestibility. 

(iii) Sense of the concrete. 

(iv) Diminished importance of the 
(a) teacher, and 

(&) educative process. 


III. Psychologist's Approach to a Solution, 

(i) Creation of a group spirit: — 

(а) it diminishes individual differences ; 

(б) it increeMes suggSstibility ; 
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(c) it raises the mind on the hallucinatory plane and diminishes 

the sense of the concrete ; 

(d) lecMls to regression towards the childhood level. 

(ii) This can be done in the contest of: 

(a) religious ideas ; 

(b) social, economic and political ideas. 

(iii) These would give (a) the tee^cher the same paternal status as in 

childhood. 

(&) Increase the importance of the educative process. 

IV. Ccnduaion. 

(1) Historically the schemes of adult education have been successful 
in the context of an ideology. The reason is in conformity with the 
psychological analysis. 

(2) They are also successful in the setting of an economic life as in a 
factory where educational success or failure means reward or punishment. 

(3) Adult education in India, thus, should utilize (a) the ideological 
grou/p8, euid (6) the localized economic organizations such as factories. 

(4) The former would comprise the religious groups such as leagues 
and sabhas, political mups such as local congress and other party organi- 
zations, temples and mosques. The latter diould comprise factories 
and local trade unions. These should be induced to take up adult educa- 
tion as an essential part of their programme. 

(5) Education would receive in this manner an ideological sanction, 
political and religious. 

(6) In the case of factories, a return should be demanded along with 
other factory returns about arrangements for workers* training, the in- 
crease in the number of literate and about the granting of ^ditional 
privileges, say in the form of extra leave to those who complete a scheme 
of adult ^ucation. 

(7) The real difficulty arises in the case of the large scattered rural 
popu^tion that does not usually come within the orbit of any oi these 
organizations. In these cases a scheme of short-term schooling conducted 
by a peripatetic group of teachers associated with a further scheme of 
reward for those who complete education may meet the need. Some 
State privilege sucE as lowered cess or tax, a promise of free training for 
children, or free gift of some kind of agricuitmal perquisite may be a 
sufficient stimulus. Beward that fits in with the concrete setting of life 
is the only possible motive to which appeal can be made. 

(8) A combined effort through the co-operation, and economic 
rewaid ensured by legislation are the only methods that can prove suc- 
cessful. 


2. Mb. H. P. Math, Calcutta. 

1. Adult education and adult literacy. Beal aim of adult education 
in India at present. 

2. Limitations of adult learning arising from the psychology of the 
adult. Adults and adults. 

3. Application of psychological analysis of the adult mind for — 

(1) determination of contents of adult education, 

(2) motivation of adult leamingf * 

(3) technique of tecM^hing the adult, 

(4) selection and training of teacher quality. 

4. A short historical review. Need of experiments in educational 
psychology of the adult. 
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3. Db. IiTDBA Sbn, Delhi* 

I. Adult education in the strict practical sense is identified with 
the spread of literacy among the illiterate adults. But adult education, 
as a scienrifio concept, should mean education at the adult stage, wheUier 
in the form of contmuation of education of the already educated or frerii 
education of the uneducated (Dliterate). Further it cannot be taken as 
identical with literacy since education in the proper sense of the term is 
a process of cultural upliftment of the whole man. 

IT. Means of adult education of former da 3 rs in this country. What 
led to the cultural fall of the villager ? The modem methods, which are 
being employed and which may be employed more effectively in the cause 
of adult ^ucation. 

III. A characterization of the adult mind. The relative 
unreactiveness of the mind of the illiterate adult, its unresponsiveness to 
the incentive of progress and change, the chief difficulty in the way of 
adult education. The cause of it. A few necessary psychological con* 
siderations for the literary worker. 

IV. It is now well known that in a school or college the atmosphere 
of the institution educates more effectively than the class-room lecture. 
Exactly in the same manner for adult education, in the last sense of the 
term is a cultural regeneration of the masses, an atmosphere of hope, 
responsibility and self-dependence will achieve what no amount of night 
schools or educational pictures or radio or rural programmes can. Moral 
depression existing in the country is the worst handicap to adult education. 

V. A psychological examination of the various methods of teaching 
to read and a few practical suggestions for the spread of adult education. 

4. Miss R. Ube, JuUundur. 

We speak here not of a vision or a dream, but of something that 
existe. Adult education is now an integral part of modem social archi- 
tecture in every land. Sometimes this recent addition to a planned 
human economy is built on a cheap and flimsy fashion. It is to mrestall 
that mistake in India and to ensure a sohd foimdation that we are here 
considering the psychological factors involved. Since I bring as my 
contribution three years’ basic experience of the literacy campaign in the 
Punjab, I speak from the literacy standpoint. To be sure, the literacy 
campaign is only a beginning of the wide field of adult education, but the 
psychological principles remain the same. Moreover, literacy is a pre- 
requisite to all other adult education, a Hne qya non ; for without books 
education is spoon-fed ; we must have a man able to ferret out for himself, 
to weigh, to balance, to distinguish. He must not be dependent on 
teachers, whether one or many, for all however good have a bias and a 
prejudice ; he must have personal access to the world of written wisdom. 
Further, literacy is not just a first and painful step to knowledge ; it is in 
itself a liberator of personality and therefore qiialifies as in itself tme 
education. 

The psychological factors are two-fold; root and fruit. The laws of 
approach are tremendously important; thanks to Dr. Laubach they 
are widely known, but they are not always followed; the curve of pro- 
bability of success is in strict ratio to adherence to these laws. The 
widespread apathy toward education which we deplore is partly the 
fault of our t 3 q>e of education, and partly due to a lack of the social sense 
which impels folk to become teachers of the imder-privileged. For it 
costs to undertake this work, costs more than most people are willing 
to pay. But that it is worth the price is amply evident. Take for 
example the penniless peasant woman from an isolated village who came 
to a city summer school with the shining determination to learn to read, 
and her recent report that though she could not go ahead she was daily 
reading at home each page that she had learned and that in two more 
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summer sohoolfl she counted on finishing her primer. Pathetic? — 
glorious. Or the illiterate sweeper who caused a domestic crisis because 
the cook was the only one who could forge his name on a savings account 
and the cook was leaving town ; and who a few months later was proudly 
putting his own signature on his master’s bank communications. Teaching 
adults is worth any price. 

In discussing the method to be followed let us first consider the 
laws of approach as they underlie the preparation of teaching materials. 
The cardinal principle is to meet the ad^t where he is. Thus with regard 
to language it is essential that the language employed be that in which 
the pupil thinks. All beginning books must be based on scientific voca- 
bulary studies, such as that of i^ken and written Punjabi now completed 
by the Forman Christian College, Lahore. It has been found that there 
is a quick transfer from the local dialect to literary language in the same 
script, but it cannot be too strongly stressed that for the initial stages 
a man’s own thought-vocabulary must be used. 

Secondly, since the pupil is a thinking and experienced individual, 
as sane and as wise as the teacher, all teaching materials must have both 
meaning and interest for the adult. This rules out alphabetical methods ; 
it rules out nonsense syllables; it rules out the use of children’s stories. 
It demands a whole new series of books, scientifically constructed, first 
to capture the imagination of the adult from the very first page, as for 
example the character problem of *Ilm di Kunji* has chiSUenged the 
thought of readers, and second, in order to be sound from the educational 
standpoint, to meet unobtrusively the following needs: slow introduction 
of new syllables, according to careful word coimts, repetition of old 
syllables m both old and new combinations, and gradually letter drill, 
by the use of fiarii cards or picture-word-syllable charts, etc. But such 

should be always in moderation and as unconscious as possible. The 
point 1 am trying to make is that for adult education the tools must be 
correct. This is a new field in practically the whole country, offering 
a life-work, not just an avocation but a vocation, for many. The need 
for new and fascinating books on all subjects is inexhaustible, since whole 
libraries are to be prepared. The aim is to put a library in every commu- 
nity, rural and urban, where there is even one literate, to prevent lapse 
and to woo to increased knowledge. Nor is this aim impossible, ^e 
Punjab has evolved a scheme for circulating libraries of sixty booklets 
housed in a remodelled kerosene tin, for a total expenditure of less than 
ten rupees. Surely every community has one philanthropist who would 
underwrite and sponsor this public service. 

More important even than the materials is the actual teaching 
process, with its twin factors of the attracting and holding of attention 
and the integrating of emotion and will to the learning process. Here 
the teacher must be a genius. Many have found it invaluable to hold 
training conferences for those intending to teach, where the principles 
and the vision may be grasped. The teacher must have the right attitude 
toward the pupil ; he must respect him, honestly, as he respects his equals 
or his superiors, emd beyond that he must have, if he is to be successful, 
a genuine love for his pupil, really felt in his heart and shown in all his 
contacts. This will eventuate in the right tone of voice, that tone used 
in conversation with one’s friends, and in the right attitude toward 
mistcdLes, for he will never allow any discouragement, and in the right 
attitude toward success, for he will be thrilled over each evidence of 
^hievement. The true teacher will be the friend of his pupil. It is 
impossible to overemphcuEtize the importance of confidence on the part 
of the pupil, and of an uninterrupted feeling of progress. A man who 
down-heartedly reported that he had tried everytlmg but his wife simply 
could not learn, was observed by a supervisor ; at her first mistake he called 
her an idiot, and after a few more errors he hit her. Compare that 
atmosphere with that created by the teacher who told his pupil that he 
needed help in teaching and had (j&osen this particular individual because he 
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was bright and would soon be able to inatruot others. The confident pupil 
strides ahead. 

A right attitude toward the lesson hour is also important. It will 
be far from formal ; it will be a very good time» with lots of fun and plenty 
of laughter. Educational psychology teach^ that when learning is a 
pleasurable experience it is more rapid and far more apt to be retained; 
but experiment teeM^hes that unless it is accompamed with pleasure 
adult education just does not exist, for the pupil will disappear. Further, 
the lesson hour will be a drawing out of the pupil, * eliciting rather than 
telling’, a building upon the powers of observation alre^y acquired. 
For this reason mass instruction is not feasible ; the varying backgrounds 
of the group too seriously *fractionize* the attention of the teacher and 
retard the individuals. At the literckcy stage all adult education should 
be in classes of one only, for a very brief concentrated period. Another 
requirement is that there be smooth progress, no hitches, no delays, no 
unnecessary repetiticns, and yet thoroughness in each detail. Plateaus 
ifiiould be recognized as normal rather than disturbing elements. The 
importance of teaching writing along with reading should be mentioned, 
for writing enlists the aid of the visual, tactile and muscular sensations. 
Part of every lesson should be that the pupil tecu^h another, for this 
provides unconscious review with a purpose, meeting the requirements 
of repetition axid spaced learning with an extrovert challenge. 

How then shall we relate emotion and will so that attention may be 
permanent and effective ? For motivation is the largest single problem 
in this movement. Satisfaction is both immediate and prospective. 
Immediate satisfaction is obtained by the adult in class, through the 
pleasure and confidence and sense of achievement engendered. It is 
also obtained through the social approval of the community, of which 
intangible it is well to give concrete evidences. Recognition from the 
group is symbolized, for example, by the growdng custom of awarding badges 
to the new literate who can pass a sim^e test of reading on easy passage 
and of signing his own name, and to his proud teacher ; or by the placing 
of markers on the road to villages which have become one hxmdrod per 
cent literate, as in Gakhar, Punjab, or the putting of signs on the doors of 
village houses to indicate the number of readers in the family and to 
praise a wholly literate household. For the hopes of prospective satis- 
faction I refer you to the list of motives compiled by the South Indian 
Adult Education Association, namely: — 

(а) Practical motives: to read and wrrite letters; to sign one’s 

name; to find better methods of cultivation, pasturage, 
cottage industries, marketing, child-care and health; to 
avoid trickery by being able to read contracts and 
mortgages ; to earn more money, spend more wisely and get 
free of debt. 

(б) Cultural attractions: to read stories, songs, and dramas about 

kings, saints and heroes ; to read newspapers and periodicals 
and Imow the amazing events taking place in India and the 
rest of the world; to gain a heightened sense of self-respect. 

(c) Patriotic incentives: to obtain the franobise and vote intel- 

ligently ; to work for India by helping to make every one 
literate. 

(d) Re^ous motives: to read inefpiring religious books; to take 

inteUigent part in wonhipping God. 

All these ambitions need to be implanted in public opinion, for they 
are the grafting of acquired interests upon those which are inborn. 

Prior to pupil motivation is teecher motivation. How can India be 
roused so that every one will share in the great service of adult education 7 
A pony man was being taught by his summer’s employers; he wept 
when they left and his lessons stopp^ for though the State had stataonM 
a paid tether for adults in his ciromt of villages, he said it was impossible 
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to have Xeosona without offezing bribes. A curse upon the pay system 
for such a service as this. There are more worthy motives. In a certain 
jail there were very fortunately two eoc-masters among the convicts ; when 
they faithfully and successfully taught those incarcerated with them they 
were granted remission of sentence emd reinstatement in their positions. 
That is a powerful motive, but scarcely widespread I But there are other 
personal values to be gaizied, not least of which is the gain to one’s own 
personality in giving time and energy and love to those less privileged. 
Those who have made an adult literate recognize it for an experience 
they would not have missed. Then there is the motherland motive, 
that our nation shall not be exploited by other nations which are more 
advanced, that our nation shall not be behind other nations in any way, 
that our nation shall be truly free, for freedom is of the mind and spirit. 
Strongest of all is the religious motive, responsible for much of what 
is now being done; this has its dangers, but it is x>otentia]iy capable of 
sublimation if animated by high ideals. An excerpt from the letter of a 
literacy demonstrator reads: *When we work amongst illiterates we have 
to get mixed iq> into them without ehowing thereby any distinction or a 
sign of hatred. I have been doing all this which caused me to get a disease 
which is very common in the centred Punjab and that is “itch”’. I 
submit that when our collie graduates and leading men become willing 
to mingle as helpers and friends with all classes and to run cheerfully the 
risks of infection cmd other evils involved in order to service, a glorious 
day will have dawned in India. 

Possibly more interesting are the psychological results, in which we 
see not the mechanics but the importance of the movement. For those 
who are psychologists one challenging thing is the realization that the 
literacy campaign is a laboratory, a new place to observe the workings 
of the mind. For the adult mmd is not the child’s mind, and we are as yet 
far from knowing all there is to know concerning it. It should be possible 
to make many valuable discoveries in this wide and scientific e^ort to 
eradicate illiteracy. 

And far beyond the psychological interest is our common humanity. 
I submit that the literacy campcugn is a recreative infiuence, which mate- 
rially changes the quality of living. Study its effect on personal psycho- 
logy. Consider the member of a school’s menial staff, who was moved 
to tears the first time she was able to put her own signature on the receipt 
for her salary. It was my privilege to meet in one of the State capit^ 
a man who had three months previously been entirely illiterate and who 
was when I met him teaching in the school through whose efforts he had 
been taught. When the headmaster offered him a salary for the valuable 
work he was doing he emphatically refused, saying, ’Take money from 
you ? Never I You’ve made a man of me. Now I must serve others ’. 
This thing changes lives and outlooks. Study its effect on the psychology 
of the home. The teacher left before Elarmi had made much more than 
an enthusiastic start on learning to read, but her educated husband took 
up the tarir there and now they both proudly rejoice over their joint 
success. On the other hand, Ishar Das and bis wife began at the same 
level of ignorance, and had ail their lessons together, each vying with and 
helping the other, and now they regularly borrow books to read aloud 
to each other. In many other cases like these we glimpse new possi- 
bilities for mutual respect and co-operation within the home. Consider 
the effect on social psychology. I^en, as recently happened, one finds 
the coolies in a railway station each clutching a primer and studying it 
assiduously between trcuns and learns that a young graduate comes d^y 
at the request of the authorities to give two horns of leesonst one knows 
that a leaven is at work in society, influencing both the taught and the 
teachers and hinting at a new order to be created. Powerful indeed are 
those interests which transcend communal, national, racial lines, and such 
is adult education in India proving itself to be. 

II 



162 


Twmby-eightii Indian Sdenee Congnea. 


PiB^cliology does well to take seriondy a field so rich with opportu* 
nities for its own studj^ and for the ennchxnent of humanity. Let it 
put the best it has into this movement from the start. Let it underwrite 
the needs of the campaign: the need of an adequate reason for being, 
the need for popularity, for an impelling love, for endurance, and for 
vision of the mture. And let it reap for itself new knowledge, and for 
the world millions of enlightened personalities. 

Synopsis. 

Adult education to be successful must be psychologically sound. 
The literacy campcugn is essentially the first step, to liberate both from 
a sense of inferiority and from biassed teaching. It is a difficult task 
but worth the price. 

In preparation of teaching materials two laws are outstanding: 
the language used ^ould be that in which the pupil thinks ; and from the 
very beginning all material must have meaning and interest for the adult. 
The tools are to be both psychologically and educationally correct, from 
first primers through the great mass of literature and libraries which are 
to be provided. 

In the teaching process the teacher must instil confidence by his own 
attitude of respect and appreciation, must ensure that the lesson be 
pleasurable, and endeavor to have the pupil also teach. Incentives era 
unmediate satisfaction in pleasure, and social approval indicated by 
ba^es, markers, etc., and protective satisfaction in the practical, 
religious, etc., values to be obtained. Teachers may be motivated by 
personal, national and religious goals. 

The literacy campaign is a laboratory for new discoveries concerning 
the working of the adult mind. It is liso a recreative influence, with 
profound effects ux>on the psychology of the individual, of the home, 
and of society. Psychologists should recognize its importance toward 
the building of a better worid. 

6. Mb. H. B. Riohabdson, Indore. 

A. The psychology of the adult with regard to education. 

1. Past experience— its formative value. 

2. Idea of education as part of childhood conservatism and 

lethargy of age. 

3. Unwillingness to accept education for its own sake. Need of 

emphasising economic aspects. 

4. Education as Eponymous with academic study. 

5. Idea of education as something apart from life. 

B. The adult at school. 

1. The uneducated adult aa a combination of childlike and aged 

qualities. 

Ne^ to attract him through pretty, strange and artistic means. 

Need to overcome conservatism and prejudice. 

2. The eiqierienoed adult is, to some extent, a natural scientist. 

Ability to <)ompare and contrast and carry on. 

Sin^^ Indttctive and deductive reasoning. 

Hepm need of adapting education to this end. 

6. Mb, JaaniSH Sxnoh, Lahore. 

LUerature for aduUs. 

l^e peet efforts for adult literacy have suffered from a great setback, 
vbiif lapnag back into illiteracy of those adults who were made literate 
tn 
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within a few weeks. One of the ohief causes of this was the lack of suitable 
literature. Adult literature may be divided into two broad divisiona — 
(a) the beginning lessons, and (6) the follow-up materiaL Both are of 
equal imi^rtanoe, the latter of greater importance. Suitably gnuM 
literature is most essential for the needs of adult literates. The question 
of language is very closely linked with literature. Both the beginning 
lessons and the follow-up material should be produced in the spoken 
language of the illiterate adults whom we wcmt to make literate. The 
great need of a basic vocabulary of the spoken language and its technique. 
The work done in Hindi and Panjabi alon^ these lines and the technique 
foUowed. Some cnpecimens of the beginning lessons emd the follow-up 
literature produced along these lines. 


7. Mb. N. S. N. Sastby, Mysore. 

The subject can be discussed from two points of view, i.e. (1) from 
the point of view of the adult to be educated, and (2) from the point of 
view of the educator. 

The value of adult education should be assessed from the point of 
view of its capacity to make the educant a better citizen than he has 
been till now. His character has been formed and he comes with certain 
habits and preju(hces. Thus education cannot help him much in these 
directions. 

One of the primary incentives for the adult to desire education is the 
desire for snmriority to fight the inferiority feeling he has already 
developed, ^e incentive should be exploited by the educator. This 
consideration should prevail in the selection of materials and means. A 
large measure of success m adult education depends upon the correct 
exploitation of this incentive. Next, there is the utilitarian motive in 
the educant desiring to use his equipment for bettering his social and 
economic status. A due consideration should ^ given to this also. 
Often, failures in adult education are due to ignoiing this desire on the 
part of the educant. 

There is a certain amount of fear and sucpicion on the paart of 
the adults to be educated. It is no easy matter to win the confidence of 
the pupils in an adult class. Positive proof that the efforts of the educator 
are only from a desire for service, should often be forth coming. Hence 
it is not every one who can be an educator of adults. 

Naturally, the methods of adult education differ from the ordinary 
school room procedure. The educant possesses already a certain stock 
of knowledge. He has developed certe^ habits and prejudices. He is 
not easily persuaded to do much of manual work and * drilling *. Sometimes 
these factors are handicaps and might ecudly discourage the pupils. There 
must be copious use of the visual method in the cinema, ramo and magic 
lantern talks. 

The educant has a systemized character already. The education 
imparted now rarely succeeds in influencing his charcK$ter. Hence the 
content of education must suit his adult nee^. 

Finally, there is edways the danger of relapsing. Continuation classes 
can act as a guarantee against such relapses. 
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XXVm. CONIUCT AND SOCIAL BEHAVIOUR. 


(Sections of Psydiology and Anthropciogy.) 

Db I. Latif, Lahore, presided. 

1. Pbof. K. P. Ghattopadhyat, Calcutta. 

The speaker first discussed the xneohamsm whereby conformity to 
a norm of behaviour is secured in society. The causes of confiict internal 
and external were then stated. Examples were given from !^briand 
idland of a confiict between biological knowledge and the social and 
economic structure. The obvious facts were denied as they were asso- 
ciated with extremely unpleasant contents affecting the society. A study 
of culture contact in Solomon Islands was then made. It was idiown how 
a confiict was avoided by conditioning. Finally, the different reaction 
of Hindu society in different parts of India to lolaTn was discussed from 
the standpoint of culture confiict. The speaker came to the conclusion 
that discord in social behaviour is eliminated either by (a) social suppres- 
sion, or (6) conditioning. New myths are also created where found 
necessary to harmonize the discordant factors with the older traditions. 

2. Db. N. N. Sbn-Gupta, Lucknow. 


I. Setting of the Issue, 

I take the problem to connote how far social behaviour from its very 
nature implicates confiict between the constituents out of which the 
behaviour-pattern is built. The title may, also, suggest that social 
behaviour is largely a product of what nowa^ys are described as social 
forces. Both of these ideas require that the concept of social behaviour 
itself diould be analyzed. 


II. Social Behaviour : its Meanings, 

(i) It may mean behaviour which is modified by the influence 

of other individuals of the same qpeoies or by the group of 
such individuals. Any behaviour of an adult would be social 
behaviom in this sense. It is, therefore, too wide a meaning. 

(ii) It may signify any behaviour that takes place in the context 

of the idea of the group or of traditions, customs and moreSf 
t^t have their being in the medium of group life. This, also, 
gives the term too large a connotation. For, aU behaviour of 
adults is of this chara^r. 

(iii) It may sigi^y a type of behaviour that is directed to other 

fellow beings, actual or imaginary. For instance, sex- 
behaviour. ^ This xmses the question whether behaviour ha p 
an unconscious social direction. Social and non-social types of 
behaviottr are, thus, classified on the basis of unconscious 
factors. Discrimination of social behaviour becomes a matter 
of dffBcult analysis. 

(iv) It may mean a t3rpe of behaviour that arises out of social im* 

pulses ^d emotions. For example, self-assertion, submission, 
emulation or jealoiuy. These impulses assume impersonal 
fonns ^through sublimation and other mechanisms. Hence, 
detection of social from non-social behaviour becomes a mattei 
of dose analysis here as in the other ^tases . 
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(v) It may mean what 1 have called in Social PiBfychology, reciprocal 
reeponse. This is accompanied by feelings that arise out 
of the organic basis implicated in the reciprocal response. These 
are projected to the act, the self or the object. In the last 
case, when the object is a fellow being, actual or imagined, 
the behaviour is social. 

HI. Psychological Chcvracter of Social Behaviour. 

(i) The preceding analysis of social behaviour attempts to bring 
out its chapter as a reGp>nse-pattem. It is, therefore, not 
proposed to define social behaviour in terms of motive or 
object. 

<ii) Both of these types of analysis involve what I consider to be 
fallacious assumptions, l^ere are various levels of motive 
revealed in the course of analysis. What may appear at one 
stage as social may turn out on deeper analysis to be a pure 
ego-motive. The definition of behaviour m terms of the 
object to which it is directed commits what James calls sti- 
mmus error. 

(iii) Social behaviour, then, must be defined in terms of the pheno- 
menal character of the recfponse-pattem. Judged from this 
point of view, social behaviour pattern possesses the following 
features: — 

(a) At each moment social behaviour is a rei^onse -pattern and 
not a linear, single -direction response. 

(&) At each moment the constituents undergo a rearrangement 
correlatively with the changes of the stimulus object. 

(c) Social behav^iour -patterns are of three types: 

(1) Some of these exhibit the goal-gradient character. 

(2) A second group exhibits persistence. 

(3) A third group exhibits succession and continuity. 

(d) These patterns by virtue of their motfie character are asso- 

ciated with organic sensation and emotions. 

(e) In this way, they gredually incorporate in them the honnic 

urges. It is not true to say that social behaviour is 
instinctive at its base. It is true to say that social res- 
ponse-patterns gradually permit instincts to participate 
in them. E.g. Response-patterns required in military life 
are gradually infus^ with instincts. 

IV. Consequences of the above Analysis. 

(i) Social behaviour (a) at every stage has to combat inertia of the 

body and pre-existing response -patterns, (h) It has also to 
be plastic enough to permit the advent of new patterns in 
successive stages, (c) It has also to overcome the tendency 
to stereotyping. 

Hence, social behaviour is perpetually presenting a conflict 
situation. 

(ii) Social behaviour, ageun, has to integrate into a new pattern the 

past behaviour tendencies, whether inherited or acquired. 
This, too means the seed of conflict. 

(iii) Social behaviour, again, has to strike a balance between the 

behaviour-^ttems of various social foci. Hene, c^ain, there 
is the promem of conflict. 

V. Conclusion. 

Social life of man is said to bring out his best. This is true because 
it exhibits his capacity to integration of many divergent action-tendencies. 
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Such motor integration neoessarily implicates a high degree of mental 
capacity. When the mental capacities are low, sociA behaviour is either 
Btereot3rped or in a state of chaos. A high degree of spontaneity of social 
behaviour implicates a high degree of mental ^ertness and plasticity. 


3, Mb. K. 0. Mukhbbji, Dacca. 

Modem life is very complex. It is also very artificial and is serioudy 
hampered by an accumulation of conflicts. These conflicts are produced 
in contact with environments which are in conflict with our native 
behaviour tendencies and may be observed in almost all relations of life. 
So occasions for conflicts and the conflicts themselves are legion. The 
strain due to a conflict is distressing. So social disapproval is perhaps 
the strongest factor in generating conflicts. Sex conflicts are unques- 
tionably very numerous and disruptive in the livw of large numbers of 
people. Social disapproval for unconventional conduct is also very 
strong here. But the theory of the sexual basis of all conflicts seems to 
be exaggerated. Deliberate lying often becomes a method of resolving 
the conflict by consciously avoiding its consequences. In this respect 
it is a sort of therapeutic measure — ^however, not desirable in itself or 
socially. 


4. Mb. H. P. Maiti, Calcutta. 


There has been hitherto a fundamental difference in outlook between 
Psorchology and Anthropology as regards the scientific study of cultural 
problems. One proceeds mainly from the standpoint of the individual 
mind and the other from that of the group. One places more stress on 
the internal and the other on the external factors. Yet the distinction 
between the individual and the social is not one of principles or causes 
but one of levels of operation of the same ftuidamental principles of human 
nature. Hence we may expect parallels in import^t manifestations 
in individual hfe and in those of social life. 

Conflict of demands and tendencies in individual life, as studied by 
Psycho-analysis, gives rise to certain types of developments that may 
be highly interesting from the anthropological point of view. As the 
result of the conflict we may have success^ adaptation or sublimation, 
or relapse into an earlier form of behaviour or regression, or compromise 
between a h^her and a lower demand or neuroses, or mere juxtaposition 
of mutually inconsistent traits or dissociation, with the universal tendency 
of rationalization trying to give support to each one of these processes. 
Ordina^ observation leads one to believe that when one cultural group 
comes in active contact with a different cultural group and a state of 
active conflict between cultural demands ensues, social developments 
take place on the same general lines as are found in the case of the indivi- 
dual. How far differentiation of cultural sub-groups and development 
of new traits may illustrate this correspondence of principles and types 
between social and individual life should be worked out scientifically. 

5. Db. Ikdba Sen, Delhi. 

Dr. N. N. Sen^lupta is right in affirming that we must analyze social 
behaviour to its fundamentals. But I would accept Prof. Ghattopadh3ray’8 
approach of tdhdng conflict as implying conflict between social and cultural 
uxuts. 

Ihdia*s history affords a fine study of cultural contacts, conflicts 
and adjustments. The relations of the Hindus and Muslims above all 
is a most cl^enging problem for the cultural anthropologist as much as 
the social psychologist. How is it that the flimsiest of rumour at times 
sucfieeds in inflaming the communal passions on both sides. I venture 
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to suggest that the social behaviour under such oiroumstanoes is neurotic 
and therefore ideflnitely pre-supposes repressions and inhibitions on either 
aide. An important reason, why pacts, resolutions and even sincere 
intentions for unity faO, is that the ^resaions harbouring fears and 
mistrust for each other are ne^er recognize and treated in a psychological 
manner. A psychologioal abreaction of the repressed emotions is a pre- 
condition of building up between the communities a positive attitude 
of amity. But how is this abreaction to be afforded is a question 
of serious practical difficulty. It may be a presumptuous thought, but 
I feel that we will have to draw up a new hirtory of the country, which 
will trace the development of our emotions with regard to each other 
through the several centuries of our common living in the country. Such 
a history, involving as it should a frank and sincere recognition of the 
emotional attitudes of our past relations, a confession of our respective 
sins as it were, may afford a discharge of the same and thus free the social 
mind of its inhibitions, which act like secret breaks upon all efforts of 
communal unity. 

The above is, no doubt, a bold h 3 rpothesis, but it does not seem to 
lack convincingness altogether. 

(For a fuller statement of the view the reader may be referred to my 
paper entitled ‘ Psychology for Communal Amity* published in the Indieui 
Journal of Education, 1940.) 

6. Mr. N. K. Boss, Calcutta. 

The title of the present discussion is of such a wide nature that 
unless we limit its scope to a certain extent, 1 cun afraid, our labours are 
likely to prove unfruitful. I shall therefore limit myself to one particular 
aspect of the question which has been raised by the previous speaker. 

Dr. Sen-Gupta has pointed out that all our behaviour is, in a way, 
social behaviour. But as anthropologists we are not interested in every 
detail of man’s behaviour, even though it may be conditioned to a lar^ 
extent by his social setting. From a broad point of view, we observe 
that man, in different societies, are actuated by similar feelings. But 
they do not behave in exactly the same manner under the stress of similar 
situations. There seem to customary ways of giving vent to feelings, 
just as there may be customary ways of behaving when one. is hungry or 
is in love. Each civilization seems to carry a large number of such custo- 
mary patterns of behaviour. And it is in these crystallized forms of 
behaviour that we are interested as students of cultural anthropology. 

Both coal and diamond are ultimately made up of the element 
carbon. But they take different shapes under the stress of different 
historical conditions. A psychologist may feel tempted to go down to 
the very roots of the matter of behaviour-patterns like a chemist ; he feels 
satisfied only when he has succeeded in reducing everything to ultimate 
psycho-physical responses to particular stimuli reQ>on8es. But an anthro- 
pologist is more like a geologist in this respect ; for he is more interested in 
discovering the special historical, social and geographical conditions imder 
which particular foirms of behaviour take a concrete chape ; a shape which 
is later on transmitted from one generation of men to another by custom 
and ^ well-directed education. 

This is so far as social behaviour is concerned. With regard to 
conflict, 1 am not sure if Prof. Chattopadhyay refers to conflicts within 
the individual mind or to cultural conflicts in the social sphere. In 
course of our anthropological investigations, we often come across cases 
in which two civilizations come in contact with one another. Each is, in 
every case, characterized by different patterns of behaviour and by a 
different set of social values. Under such circumstances, many types 
of cultural syntheses may come into being sometime after the initial 
impact. During the 19th century in Bengal, were were decided movements 
towards Europeanization as weu as towards a revival of Hindu culture. 
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Hjalf*w»y houses of oultuife were also built* Placed under this aituaik>n, 
we find different individuals or different social groups displaying different 
kinds of loyalties. Sometimes an individual may be tom between two 
conflicting loyalties; he may thus be placed under a condition of mental 
conflict. Although, as anthropologists, we are not very much conoeomed 
with these various loyalties d]spla 3 red the individual or a particular 
group, we are so often confronted by thu phenomenon in course of our 
oultund historical analysb that some kind of explanation is occasionally 
forced upon us. 

From a very cursory study of such phenomena, it has suggested itself 
to us that these loyalties spring from hidden psychological sources wit^ 
the individual. Men love power, and in the selection of cultural traits, 
we find a predilection for those particular traits as ore associated with a 
politiecMy more powerful group. 

Thus, the i^ectiveness displayed by individuals or groups in course 
of cultural contacts has, in the last resort, to be referred to the psychology 
of the individual. The ultimate explanation of many cultural facts 
turns out, in this way, to be psychological. 


7. Mb. Pass Bah, Lahore. 

Let us designate the life of a stable social group as the reality plane 
of that group and see what happens to it in a state of social disorganization. 
Econonoic upheaval and tensions created by the new situations block the 
normal reality plane of the group as a result of which the phantasy plane 
of the group is reactivated. Hence a period of social disorganization is a 
period of new ideologies and religious movements which absorb the 
anxieties and insecurities of a vast number of individuals. 

These new ideologies bring a state of stability and give a new faith 
to the people. Thus individual sufferings are covered by a mass neuroses. 


XXIX. SYMBOLISM AND RITUALS. 

(Sections of Psychology and Anthropology,) 

Db. I. Latif, Lahore, presided. 


1. Mb. H. P. Maiti, Calcutta. 

The importance of ritual for the evolution of human culture is very 
great. It lies at the root of the origin of Religion and Arts. In their 
attempts to explain the origin of ritual, anthropologists have used in the 
past psychological concepts that refer mostly to the conscious processes 
of the liuman mind. Primitive ritual, however, is spontaneous and arises 
out of an unconscious demand of human nature. 

Certain repetitive acts of obsession neurotics resemble in all essentials 
the ceremonial rituals of religious life. In course of psychoanalysis we 
come to know the txqrdliological conditions of origin of such incflvidual 
‘rituals*. In the li& of individual children also we can directly observe 
the growth of sitnilaff ritualistic ceremonies. Rituals arise out of a con- 
dition of imconaoioiia emotional conflict and serve to discharge economi- 
cally emotional enei^ which otherwise would have come in a massive 
form and produced anxiety. 

To oiiia who practises ritual it is endowed with m 3 r 8 terious powers 
and signlfiioaiiee. The factor of eymbolism present in ritual makes this 
possibw. Glytilbolism in other words provides the means by which ritual 



Pari IV — Discussions, 


169 

is able to bind and condense the expression of emotional energy throngh 
certain definite acts and processes thereby secure relief from anxiety. 
In order to understand this relation it is necessary to determine the 
exact meaning of symbolism appropriate for the context of the present 
discussion. 

In its widest connotation gjrmbol is anything that stands for some 
other object or experience with which it is not directly and naturally 
associated. A word is the fif^bol of the object it means in this seiw. 
According to a second definition symbol is the representation in our mind 
of some sexual object or act by the idea of an ordinary object or act. 
Dream afibrds examples of this t 3 ^ of symbolism. There is a third 
meaning of symbolism in which an unconscious element not necessarily 
sexual only in import is represented by some mconnected act or ide^ 
Many of the mental ss^ptoms of hysteria, obsession neuroses or schi* 
zoplnenia are symbolic representations in tide sense. 

The first meaning of symbolism would be too wide, and the second 
too narrow in the context of the present discussion. I^me elements of 
rituals may have sexual significance but it is doubtful if all the symbolic 
elements of it represent sexual ideas in the unconscious. Most of them 
serve as substitutes of other ideas which on account of intense emo- 
tional accompaniments cannot have direct expression. There is not only 
economy of representation but also economy in the dischai^ of emotion^ 
energy mvesti^ a group of unconscious ideas in ritualistic symbols. 

To the {irimitive mind the symbols in rituals have direct and auto- 
matic powers. The cultured mind tries to justify these powers through 
* spiritual’ interpretations. It is evident that, as in the case of symptoms 
of mental diseases, the ritualistic symbols of unconscious origin should be 
supplemented by rationedizations. Hence it would be neceraary to 
distinguish between a conscious and an imconscious symbolism in ritual. 
Connected with this question is that of changes in ritualistic symbols 
with progress of civilization. The ritual itself is more stable than ita 
symbolic elements which undergo, though very slowly, change of form 
with change of geographical and social conditions of Ifie. 

When the group of ideas of the imconscic^ mind underlying the 
ritual are brought under intellectual judgment and, what is more important, 
the blocked emotional energy investing them is discharged otherwise, 
rituals tend to lose their magic infiuence over the human mind. Philo- 
sophic forms of religion and arts provide partial alternatives to rigid 
rituals. 

2. Pbof. K, P. Chattopadhyay, Calcutta. 

S 3 mibolifim in ritual may grow up on the basis of various forces. 

(1) A powerful social mge which cannot find open expression due to 
social coi^ct, internal or external, may be symbolized in ritual. Thus in 
marriage, in a patri-local society, the relations of the bride, especially 
the women folk, desire but cannot openly try to secure dominance of the 
girl after marriage, over her spouse. Symbols take the place of actualities 
in consequence. In Arab society, a girl at marriage rides a yoke on 
a wooden horse. This rite symbolically represents the wish fulfilment 
noted. A Hindu woman in Bengal similarly ties the hands of her son-in- 
law with thread and asks him to behave like a docile hecui* of burden. 

(2) A different origin of ritual, apparently symbolic, is to be found in 
vestigial survival of older customs exemplifying satii^action of a former 
socicd force. Thus a Santa! in the reserv^ed areas, who has lost his belief 
in the older faith, largely under the influence of Chrisrian missions, now 
practises burial instep of cremation. Nevertheless, some days aft^ the 
ceremony he digs a small hole and fills it with water, calls it *Nai’ or 
river and sprinkleB the water on his head. He also puts in it a bit of hair 
or nail wmch he has cut off from the dead body before burial. He is in 
fact symbolically performing the water disposal of the bones of the dead 
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which is the orthodox mode of final disposal* following cremation. (3) 
A third source of symbolism is functional. In Santa! society the villaj^ 
acts as one whole in social matters. There is a powerful also m 

the unity of the dead and the living. The Nacke-Nanghi, the sacred 
headman represents this unity and comes from the family of the founder 
who is in a sense the creator of the group in question. In all ritual this 
unity of the village and the dead is expressed symbolically, the symbol 
in this case being a living person. The union of the deceased with the 
ancestors is also symbolically represented as a marriage rite in the final 
death ceremonies. It is also a fulfilment of a powerful social urge proceed- 
ing from the same beliefs. 

3. D&. Rabikdbakath Ghosh, Calcutta. 

From the psychoanalytic study of human individuals, we find that 
the rituals ensure the individual an economy of his mental energy and a 
security against his internal dangers. The rituals demand as a price the 
restriction of the individual’s ego and ego -activities. Similarly, in the 
case of social rituals, that is, of those common rituals as practised by the 
members of the same society, we find in operation those characteristics 
as mentioned above. Society is composed of individuals who are bound 
together by such psychological mechanisms as identification, projection, 
intro jection, etc. 

Almost all rituals express themselves through some s 3 nnbolic actions 
and e^ymbolic modes of behaviour. Hence symbolization is another un- 
conscious mechanism, operating in the building up of a ritual. 

As in the case of an individual so in the case of a society, all rituals 
need not be considered as symptoms of mental abnormalities. Those 
rituals which are very far removed from the reality and which fail to cope 
with the individual’s or society’s attempt at adaptations of reality need be 
considered as pathological. Hence every ritual has the possibilil^ of 
becoming a pathological manifestation under certain conditions of 
practical life. 


4. Dk. N. N. Sbn-Gupta, Lucknow. 

<1) Symbol in the narrow sense, 

A symbol is a specified sensory content, variable to the least degree, 
and associated with (i) another well-defined sensory impression, or (ii) 
a set of meanings. The letters of the alphabet are symbols in the first 
of these senses. Certain mathematical and logical and chemical 83 rmbols 
instance the second point. Symbols can be substituted for experiences 
they are associated with. 


{2) Symbol in a wider sense, 

A symbol is any perceptual object, visual, verbal and behavioural 
which may lead to the evocation ox meanmgs, emotions and reactions. 
An instance of a visucJ symbol is a flag. That of a verbal symbol is 
^y party slogan, or mystic formula such as Om. A behavioural symbol is 
instanced by vsuious gestures, those of submission, friendship or enmity. 

(3) The origin and social character of Symbols. 

(i) Spnbols often originate in some incident in the racial history. 
It is earned forward by tradition and thus becomes the common property 
of the group. The lai^ mass of tradition gives it a varied connotation* 
some of mibh may crop off and the others fixed throu^ the selection 

I 
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(а) by historical exigencies. The eroaa has a complex meaning for one 
belonging to the Christian tradition. But it frequently means sanctity 
and SyboB power. (5) Sometimes, however, a new meaning may be given 
to a symbol by a voluntary act. For instance, the Swastika has shed 
its Vemo significance and has become the s 3 mibol of a political party 
that claims to carry forward the Aryan tradition. 

(ii) Sobols are sometimes adopted in a pure arbitrary manner. 
President Theodore Booaevelt had chosen as the symbol of his Independent 
Party the buU moose. The choice of the symbol was more or less arbi- 
trary. The symbol of the Democratic Party was the donkey and that 
of the B^ublican Party the elephant. Mother animal that would 
indicate vigour and oombativeness had to be selected. There was no 
reason why some other vigorous animal such as a horse, a tiger or a 
mythical dragon could not have been chosen. 

(iii) Symbols sometimes are chosen becatise of their capacity to 
represent the various items of facts they represent. The stars in the 
U.S.A. flag represent the States. The tricolor of France represents the 
verbal symbol of Liberty, Equcdity and Fraternity which in its turn 
represent a social and pohtical order. 

(iv) Symbols are sometimes selected on account of their emotional 
connotation. Lion as a political symbol evokes emotion. ‘ John Bull 
and UmUe Sam are symbols of certain qualities and attitudes. The use 
of the Cfoddesa Durga as the s 3 niibol of the motherland had by Bankim 
Chandra Chatterjee on the other hand an emotional meaning as well 
as a meaning di^ussed under (iii). This last, too, was calculated to 
elicit an emotional re£(ponse. 

(v) Symbols are sometimes employed to keep the meaning secret. 
The magic-signs, the Sandhyd-bhasha or the twilight language of the 
Tantric tradition, and the symbols of various secret societies are the 
instances in point. 

All these symbols have an impersonal significance because of their 
historical origin or because of their setting in the group life, 

-*r 

(4) Personal Symbols, 

It is necessary to point out a class of symbols which x>osse88 a signi- 
ficance only for an individual. These are represented by the fetirfies 
and symbols of the neurotic carrying a reference to the unconscious. 
These appear to be devoid of sense for observers ; but they possess a deep 
significance for the person concerned. 

(б) Per sonal Symbolic acts. 

Certain neurotic acts c€Ui only be explained as symbolic in character. 
The various kinds of stereotyped actions are said to belong to this category. 
A person I know ties a knot in his dhoti whenever he happens to wear a 
new one. It is almost certain that the cu:$t stands for tying the nuptial 
knot. Many such symbolic acts are found as instances of neurotic be- 
haviour. All of these possess a deep personal meaning. 

<6) Behavioural Symbols. 

✓ 

There are certain behaviour-symbols which possess meaning for the 
group as a whole. The Nasi-salute has become a symbol for an entire 
nation. The Guy Fawkes’ Celebration is another instance of symboHo 
behaviour. So is the observance of the Independence Day in this country 
nowadays. 

Symbolic acts and behaviour are symbols in the sense defined above. 
These have private and public significance respectively. The latter, 
however, may become translated into the former. The Nazi may feel 
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that the salute has a q>eoial meaniog for himself. The items of the pro- 
gramme of the Indepemence Day may have a cfpecial meaning for certain 
persons. 


(7) CompuMons. 

Certain acts apparently meaningless, assume for certain persons the 
character of a compulsion. The basis of this fact is said to be in the 
unconscious. Hence, these compulsive acts are aymbolic, 

(8) RUuala: Their nature. \ 

(i) Rituals are symbolic cwts, (ii) They teike place in the context 
of an ideology, mainly religious, (iii) They possess both a public and a 
private significcuice. (iv) 'Aiey sometimes assume a compulsive character. 
Hence, they have an unconscious meaning. 


(9) Types of ritual. 

(i) Some of them are the remnants of more complex forms of religious 
behaviour, e.g. Tarpana. Such fragments may be of a two -fold signi- 
ficance: (a) In regard to the material employed as in the offering of Arghya^ 
BhUmi-ddna, etc. (b) In regard to behaviour as in Karany&sa. 

(ii) Abbreviation of a more complex behaviour. 

(iii) A part behaviour representing the whole. 

(iv) A new behaviour pattern representing another, e.g. Mantra- 

rituals. 


(10) Ritual in each of these senses is a symbolic behaviour. 

It is, however, not always a compulsion behaviour. 

It may be described as necessary behaviour rather than as a com- 
pulsion-behaviour. The difference is as follows: In oompulsionbeha- 
viour the whole chain of responses acquire a compulsory clWacter. In 
necessary behaviour once the first step is taken, the rest become inevitable. 
Violation of the order, omissions and interpolations implicate penalties. 


(11) This suggests that there are two types of rituals: (i) Some of 
them possess the character of true compulsion acts. These are found in 
the great emphasis laid by some people on ritual acts, (ii) Reinstatement 
of a past, ideal or mythical situation. The former instances of ritual 
refer to personal motives, unconscious factors. The latter refer to ethnic 
and socied psychological factors. 


5. Db. a. AnrAFFAN, Madras. 

Ritual is absolutely normal behaviour in so far as normality can be 
judged by the cuithropologist. flxplanations of ritucd in terms of abnormal 
paychology are not helpful in field work amoi^ backward tribes. While 
the anthropologist would Imve the psychological aspects of ritual to be 
interpretea by the professional psychologist, be expects from the latter 
certain directions as to what he ifiiould look for in ritual situations in 
order to make the anthrv^logists’ data useful for pi^ 3 mhology. The 
first question, therefore, is: Is there any real difference between ritual 
actions and other kinds of behaviour ? If the answer is in the positive, 
a clear formulation of it in non-controverrial terms is bound to be of 
great ^use |o field-'workers in anthropology. 
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XXX. THE PLACE OP PSYCHOLOGY IN THE PIELD 
OP MEDICINE. 

{Sections of Psychology^ ani Medical and Veterinary Research,) 

ICb. a. C. Us 3L, Calcutta, presided. 

1. Db. I. Latip, Lahore. 

Ignorance or neglect of Psychology on the part of the general medical 
profession is mainly due to two causes: (a) a strong bias in favour of 
physical aetiology for all human disorders, and (5) the common belief that 
the use of psychological medicine mirst be confined to the patients resident 
in mental hospitals. Mental and bodily factors often fuse in the aetiology 
of disease and disorder. Every ailment has its psychological aspect. 
Hence a system of treatment which excludes the consideration of psycho- 
logical factors is bound to be limited in its therapeutic results. But 
functional disturbances of the individual, as a rule, defy physical therapy. 
They are only eunenable to psychotherapeutic treatment. The rest of 
the paper treats of certain cases of functional disorders with a view to 
illustrate the efiOLoacy of pefychological medicine. 


2. Db. C. Saha, Calcutta. 

Present position of Psychology is like a step-child of Medicine as 
evidenced from literature, medical curriculum and textbooks of Medicine. 
There is definite connection between the body and the mind. 

Four groups of mental disturbances require psychological approach for 
their complete understanding. 

(a) Definite psychoneurotic disorders. 

\h) Functional disturbances. 

(c) Some diseases of doubtful origin. 

(d) Organic diseases with mental symptoms. 

Organic diseases at the stage of development may be mistaken as 
'Functional* if the mind is not examined. 

A suggestion is made for the teaching of Psychology with Medicine. 


3. Mb. H. P. Maiti, Calcutta. 

A. Disease .is fundamentally a functional concept. The distinction 
between Psychology and Physiology is betsed on historical reasons and on 
schematic necessity. But the Physical and Mental diseases are inter- 
related, the nature of the inter-relationdup varying in different cases. 
Hence Psychology should find its proper place in Medicine. 

Scientific study of Psychology eSiould on the practical side lead to 
better adjustment between man and the conditions and ideals of his life. 
One aspect of this process of adjustment is related to the subject of 
medicine. Hence Psychological Medicine diould be one of the branches 
of applied Psychology. 

B. We are having at present a new outlook about relation of 
Psychology to Medicine. Certain dififtculties shall have to be overcome 
if it is really to work. 

The relative advantages and disadvantages of the physician and the 
p^chologist at present regarding study and treatment of mental diseases. 
T&y fdiould serve humanity in mutual co-operation and with mutual 
help. 
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4. X|B. S. N. Baksbjbb, Oaioutta. 

(1) Experimental methods on impersonal factors have added to 
the knowle^e of Psychiatrist, but there is a danger of neglecting the 
wider aspect of the human life. 

(2) Sigmund Freud revealed the importance of imconsoious factors 
in the structure of personality. 

(3) Psychiatry has its own special problems, which has to be dealt 
with by appropriate methods. 

(4) Jj^terest of the Psychiatrist was supplemented by the interest 
in studying dynamic problems of the individual case. It took up 
disorder of personality as its held. 

(5) It sought in the individual case, to attribute its due failure to each 
of many component factors, biochemical, physiological, psychological 
and environment. 

6. Mb. M. N. Banbbji, Calcutta. 

The relation of Psychology with the science of medicine is very 
intimate. Every symptom has its repercusions on the mind, and is only 
properly recognized by one having an imderstanding of both Psychology 
and Patholo^. The researches of psycho-analysts have brought home 
to the psychiatrists the supreme importance of the training in psychology 
for the understanding of mental symptoms and also have demonstrated 
the efficiency of the psycho -analytic method of approach to the treatment 
of most of the types of neurosis and certain forms of psychosis. More 
recently psycho -analytical treatment has also been found very useful 
in some forms of apparently physical symptoms like certain tj^s of 
cutaneous afifections, certain forms of asthma, duodenal and peptic 
ulcers and the blood pressure. 

In two recent eurticles published in the Psycho-analytic Quarterly, 
Part n, 1940, the influence of psycho-analysis on medicine has been 
lucidly dealt with. Dr. Smith Jelhffe, the celebrated author of the famous 
big compendium on nervous and mental diseauses, has written a very ^ort 
paper on the influence of psycho-analysis on neurology. Dr. Jelhffe 
writes, ‘Neurology, in its narrower sense, remained faithful to its friend 
of old — Cartesian psychology. Psycho-analysis came as a sword to 
cleave this ancient coalition and to give new life to an enfranchised body 

of neurology To me psycho-analysis has liberated neurology 

from some of its invested and fixed patterns of thinking. It has rendezed 
vital much that was static and formal within the neurologiced frame of 
reference and has made comprehensible and alive much that neurology 
was content to codify’. I{r. Paul Schilder has chosen as the subject of 
his learned paper the influence of psycho-analysis on psychiatry. Dr. Glen 
Myers has contributed an article on Freud’s influence on psychiatry in 
America. Psycho-analysis is nothing but the psychology of the uncon- 
scious and the deeper part of the mind. 

I do not consider it out of place to draw the attention of the audience 
to the practical views which swayed the fleld of the topic of this symposium 
in India, until the advent of western theories on the subject, both as regards 
the causation of diseases cmd eJso the methods of their treatment. Ac- 
cording to ancient Indian medical writers Charaka and Susruta psycho- 
logical causes were held to be the principal factors for the development 
of mental symptoms and diseases, and contributory accessory factors 
of some of the physical disorders; while various pi/ychological methods 
were restored to for the treatment of almost all disorders both of the mind 
and body. 

It is wU known that some of the basic principles of Hindu culture 
and of philosophy^ have a strong paychologioal foundation and they are 
imbued wWi a faith in the transmigration of the soul %nd the Iw of 
K A BM A t The works on Smritis and some of the Tantras speak of eertaiu 
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types of bad deeds done in the present or past lives as the ultimate cause 
of certain specific diseases. They elaborated various forms of expiations 
for the curing of such maladies. There was abiding faith in the hostile 
influences of planets and superhuman intelli^nt entities. There were 
therefore devised various methods of propitiating, mitigating or undoing 
such influences by magic, charms, spells, amulets, bangles, suggestions, 
pilgrimages, fastings and sastyayanas. In fact, the Atharva Veda, Smritis 
and the Tantras are replete with such countless remedial measures corre- 
lated with various mantras and incantations. The Atharva Veda has 
embodied 63 charms, spells and mantras for the treatment of various 
bodily and mental ailments. The Prayaschitta Viveka of Sulapani contains 
amongst other things prescriptions of expiations for various disorders 
and physical signs of the body. It must never be understood that the 
practical application of processes as distinct from physiological medicine 
for the alleviation of diseases in the field of medical treatment is a matter 
of past. In fact, these ideas were so ingrained in the Hindu culture that 
works on medicine, though fully alive to the proper scientific aspect of 
things, yet pmidering to local cu^oms and beliefs, recognize the importance 
of such processes and classify them under the head of Daiva medicine out 

of three types of medicine, the other two being Yukti Vyapasraya, 

(i.e. founded on logical principles) and Sattvabajaya, 

(i.e. the rectification of the two gunas Bajah and Tamah by the withdrawal 
of mind from alluring interests and aims prejudicial to the well-being of 
the patient). According to the Charaka the Daiva group comprises the 
following (Ch. XI, Sutra Sthanam): — (1) Mantra — ^mystic sound formulae, 
(2) Ousadhi — ^herbs, (3) Batna-Dharana — ^wearing of gems, (4) Mangalik 
Karyya — auspices rituals, (6) Puj€k — propitiation of deities, (6) Upahara — 
presents and gifts to deities, (7) Homa — sacrifice in fire, (8) Niyama — 
observance of vows, (9) Prayaschitta — expiation, (10) Upavasa — ^fastings, 
(11) Veda-Pathar— chimting of the Vedas, (12) Pn^pata — obeisance to 
deities and saintly persons, (13) Thirtha Yatra — ^pilgrimages to special 
deities and places of cures. It may be pointed out that all these exercised 
a beneficial influence upon the mind of the patient. 

The great ancient Indian medical works of the Atreya and the 
Dhvantara schools, whose origins are traced by competent European 
scholars to the 6th century B.C., contain in them chapters on principles 
of general and physiological psychology for imparting necessary working 
knowledge of psychology to students with a view to facilitate their under- 
standing of the significance of symptoms in the schemes of humoral theory 
and the modes of the treatment of mental diseases. The Atreya school 
contains fii addition chapters on psychological medicine and goes further 
to stress the psychological factors even in the causation of physical 
symptoms. 

The Charaka Samhita in Sutra Sthanam, Ch. 1 , discussing the general 
principle of the causation of diseases, says 

V# 

I 

Mitthya or false or contradictory contact, want of contact and excessive 
contact of time, Buddhi (i.e. understanding, endurance and memory) 
and the aims of the sense organs are the principal causes of maladies 
which fi^ect the two, i.e. the l^ydy and mind. I shall not here enter into 
an exposition of this pa4BBage which contains in a pithy sentence the 
eteology of disease. In another passage 

1 
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Tfnw-Prwm-x^S-'^-wnfirf^?! ii 

Bodily ailmeats are catised by Wind (Vayu)» Bile (Pitta) and Phlegm 
(Kapto) — ^mther by a loss of their balance. Mental ailments are cau^ 
by we two Gunas, Rajah and Taxnah, overtaking the Sattva. Of the two 
the first one, Le. bodily diaea4ae8 are alleviated by medicines belonging to 
Daiva and Ynkti Vyapasraya groups while mental diseases are cured by 
(1) Adhyatma Jnana--^^owledge conoeminjy; the working of the body and 
specially mind, (2) Vijnana, i.e. understanding and knowledge of scientific 
texts, (3) Patience, (4) Memory, and (5) Samadhi — ^the process of total 
abstraction from all dii^urbing elements. These have all a psychological 
background. 

This is not the time or place to discuss the principles of the Gunas 
and the Humoral theory. A short account of my exposition has been 
printed in the Amerusem Journal of Payoholoffy (Jub. VoL). 

According to the Roganika Vimana, Ohapt^ 6 of Vimana Sthanam, 
Rajah and Tamsdi are the two Doshcus, defers or deviations of mind. 
From them spring sex impulses, anger, avarice, infatuation, jealousy, 
wound or hurt to one’s sense of pride, insolence, sorrow, anxiety, fear 
and joy (K 322 VI). 

We ^d a little elaboration of the causes of the mental diseases and 
their treatment in Sutra Sthana, Oh. XI. 

Mental diseases are caused by noz^attainment of things sought for and 
by the attainment of things thought to be disagreeable, troublesome, 
never sought for. 

I*!** lWT^*ll'(| I I 

This passage is expounded as follows by the celebrated Chakrapani, ‘ The 
attainment or non-attainment of Dharz^ (religious merit), Artha (wealth) 
and fi^azna or desires cause happiness or misery in zzian. Ways and means 
for the conservation of the above three tshould be resorted to for oounter- 
actizig mental diseases. Effects should be made to associate with people 
versed in the knowledge of these matters and who are old, in order to 
understand oneself includi^ location, time, family, powa% energy. 
Knowledge of these is curajiive of mentcd disorders. The above method 
are also applicable in bodily ailments. 

In the 7th and 8th chapters of the Nidana Sthana dealing with the 
diverse causes of the various forms of mental diseases, izisanity and 
^ilepsy — ^the author finally refutes the agency of the Bevas, Gandharbhas, 
Insachas, Rakshasas, planetary infiuezioes, etc. We come across the 
following passages in the 7th chapter : 

«T n n i 

Taking the sane view of things, the texts finidly assert the paramount 
importance of one’s own deeds of a particular type which are technically 
knowfi as Prajziaparadha. The word Fxajnaparadha connotes a sense 



Pox% lY — D%%cm6%aM. 


177 


of guilt for the wilful tranaigreseion of certain accepted ideals of thought 
and conduct either by actual deed, thought or speech. 

* nuiwiv HiWTif * — 

v&w i 

•nfiniiH yft I 

According to the Oharaka the causes as well as the Humoral principles 
affected are identical in both insanity and epilepsy. Therefore, it will 
not be out of place to draw the attention to the class of persons who have 
been recognized to be prone to epilepsy. They have been described in 
the beginning of the 8th chapter. They are practically people depressed 
with a sense of guilt Prajnaparadha and subject to great emotional dis- 
turbances due to the ruMing of the two Gunas, Bajah and Tamah, there- 
fore suffering from fits of strong sexual urges, rage, fear, avarice, selfish- 
ness, joy, sorrow or anxiety, or in short being temperamentally tmstable 
and introspective. 

In mental disorders and epilepsy it is the humour of Wind (Bayu) 
that shows excessive activity ; therefore the following remedial processes 
are applicable. They are described towards the last part of the 6th 
chapter of Vimana Sthana. They are (1) annointing with oil and fomen- 
tation, (2) mild correctives, (3) tepid food containing fats, oils, sour cmd 
salt, (4) Upanaha, — ^tepid unguent containing oil, salt and substances of 
acid nature, (5) Upabestana — ^wrapping up with wet cloth, violently 
annointing, sprinkling the body with water, immersion baths, kneading, 
frightening, (6) Bismapan, i.e. causing surprise, (7) Bismaran — causing to 
forget something ; application of wines, asavas, appetizers and digestives, 
fats and oils cooked hundred or thousand times, containing ingredients 
which are alleviative of the wind and are purgatives and various types 
of enema. 

The Charaka (Chikitsa Sthana, Ch. 14) recdinmends the following 
processes for the treatment of mental diseases after trials have been 
given to various types of medicinal applications. These processes mainly 
produce strong affective reactions and were calculated to bring the patient 
to their senses awakening them to make contacts with realities of life. 
Sympathy suggestion, persuasion, surprise and shock therapy were the 
diverse methods resorted to. (1) Sometimes if the patient is kept in a 
place free from breeze after giving him a sumptuous meal (containing ghee 
and meat he recovers his senses and memory. (2) Friends may speak 
to the patient talking about religious matters and giving him sympathetic 
advice regarding attainment and preservation of we^th. (3) He may 
be told about the loss or destruction of a very cherished thing. (4) 
He may be shown curious or terrible things. (5) He may be annointed 
with mustard oil, then kept in the sun resting on the back, hands and feet 
tied. (6) He may be touched with hot iron, oil or water or with Alkushi 
fruits which are very irritating. (7) He may be caned and then kept in 
a solitary cell. These processes sometimes remove aberrations of mind. 
(8) The patient may be frightened by means of the exhibition of a snake 
whose fangs have edready been removed, a tamed lion, an elephant, 
cutting instruments, a thief or by enemies. (9) The police officers after 
taking previous permission from the king may take a patient outside the 
town, cuter binding him and then severely frighten and beat him. 

Affiictions of body and sorrow excite fear of life and fear of death 
sometimes is able to bring round a patient by producing a binding infiu- 
ence on the mind. Those who have gone off their mind owing to the loss 
of a dear thing may be given a similar thing or may be consoled to peace 
by sympathy. 

We bring to a close our account of mental disease in Hindu Medicine 
by drawing attention to the following principle. Mental disorders bom 
12 
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of sex urge* sorrow* fear* 'hate or anger* joy and avarice or selfishnesa 
should be treated by the excitement of contradictory emotions. Thus 
try to overcame the sexual by development of sorrow. When the insanity 
is caused hy sorrow it may be counteracted by the kindling of sex urge. 
Those with fear as the root cause may be excited to anger; those with a 
basic anger may be depressed by a suitable excitement of fear ; those who 
have gone mad of joy, may be brought to their senses by excitement of 
avarice or selfishness; while those cases of insanity where avarice or 
selfidinesB is the root cause may be treated by processes productive of 
joy. 

It will be seen that ancient Indian writers on general medicine when 
they hit upon the theory of Prajnaparadha — ^the sense of guilt as the 
prime cause of mental disorders — came very near to the basic findings of 
psycho-analysts in the causation of mental symptoms. The sense of 
guilt was clearly there but the innate urge on the part of the patient for 
expiation, suffering and will to illness is not clearly recognized. There is 
no hit on the imconscious factors and the sexual theory though there are 
passages suggestive of reviving the memory or depressing it. Ancient 
Indian medical writers whole-heartedly accepted the methods of expiation 
elaborated by the Smritikaias. I have elsewhere discussed the Indian 
Psychology of Expiation, the basic principle of which is a clean breast 
confession before Smartas or priests of one's own transgressions and guilts 
and the acceptance of and undergoing bodily punishments and fines and 
the Pbaitayama. If an expiation is not sufficient to remove the 
symptoms the confessions have got to be repeated in the presence of 3* 
7 or 21 persons until a cure is effected. 

It appears to me rather axiomatic that a training in psychology 
should form an indispensable portion of the curriculum on modicine with 
a strong emphasis on the psychology of the imconscious for those wha 
want to specialize in neurology and mental diseases. Some time ago the 
Indian Psycho -analytical Society tried to impress upon the necessity of 
psychological training for medical graduates and endeavoured for a recog- 
nition of this fact by the Calcutta University with a view to changing the 
regulation for an inclusion of psychology find psycho-analysis in the 
medical curriculum. Somehow or other the movement did not make 
much headway. 

In conclusion, I would beg this joint meeting of the Psychology 
and Medical Sections of the Science Congress to put on record that it is 
their emphatic opinion that psychology and psycho-analysis should form 
part of the medical cturiculum in the Universities and the authorities of 
the Science Congress be urged to take up the matter and urge the various 
Universities for the recognition of psychology and psycho-analysis in 
the medical curriculum. 

6. Mb. N. Db, Calcutta. 

Psychosomatic RsUxtsxms, 

Until very recently the medical profession of the modem times have 
taken no notice of the psychological aspect of the patient. Specialization 
in the field of modem medicine has further narrowed the viewpoint of the 
practitioner only to one organ in many cases. Patients are also being 
accustomed to such speciidiBation and as a result we often find a patient 
who comes to his physician and says* ‘Doctor, I have come to you for my 
heeurt* my lungs, my brain* my bowels, etc.* Patients and unfortunately 
many physicians of modem times forget that the whole body and the 
mind act as a unitary whole. 

But* that the body cannot be treated apart from the mind was realized 
even in the <^den times. Prof. Banerji has told you about the impor- 
tance l^d on psychology in Ayurvedic Medicine. During the Greek period 

X2B 
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Socrates the wise taught the physicians of his time 'Let no one persuade 
you to cure the head until he has first given you his soul to be cured^ 
for this is the great error of our day in the treatment of the human body 
that the physician separates the soul from the body *. 

I cite below a f^ convincing examples of the influence of the mind 
on the body and of the body on the mind imder normal and abnormed 
conditions: 

(1) Effect of the mind on the body under normal conditions. — Of two 
sisters, aged 16 and 18, the elder was married emd in the family way. As 
her abdomen was growing in size the younger immarried sister seemed 
to take more interest in the coming child than the prospective mother 
herself. Whenever she would lie on her abdomen or anyhow exert 
pressure on the womb, the yoimger sister would say, ‘ Sister, what do you 
mean ? Do you want to kill your child ? ’ Now, when the child was bom 
milk appear^ at its mother’s breast and lo and behold, breasts of the 
younger sister also became full of milk, so much so that it began to 
flow out and the flow had to be stopped by treatment. 

(2) Effect of diseased mind on the body. — Schizophrenia is said 
to be a purely mental disease but many of the schizophrenics in catatonic 
stage show cyanosis and swelling of dependent parts due to stagnation 
of blood and fluids in them and what is more important, defective ventila- 
tion in the lungs of these catatonics predisposes to tuberculosis and more 
than half of such patients die of tuberculosis. 

Physical manifestations of hysteria and the various visceral neuroses 
due to purely mental trouble are weD known. Davies and Wilson {Lancet^ 
1939, ii, 723) have shown that mental troubles were responsible for definite 
organic manifestations like haemorrhage and perforation from gastric 
and duodenal ulcers. Events capable of producing imusual emotional 
tension were found to precede haematemesis and perforation in 63 out of 
75 patients. These events preceded the haemorrhage or perforation by 
a few days and usually related to increase of responsibility, financial 
difficulty and illness or trouble in the family. 

(3) Effect of normal physical phenomena on the mind. — A young man 
of 30 had by chance seen a beautiful young woman in absolutely naked 
state. From that time he was so much obsessed with that picture that 
he could not remove it even for a moment from his mind’s eye. When 
it had persisted for several days he came to me for treatment. I gave 
him sedative drugs but they had practically no effect — ^he was seeing the 
vision all the while he was awake. On the 10th night after the incident 
he had seminal emission and with the relief of tension in the seminal 
vescicles the mind was relieved of the obsessive image. 

(4) Effect of diseased body on the mind. — Mental depression from 
long continued phj^sical diseases at times leading on to suicide are well 
known. Loss of recent memories without any loss of older ones during 
convalescence from typhoid fever is also known to many physicians. 
The following is an example of absolute alteration of personality after an 
attack of encephalitis lethargica. A boy, who was perfectly docile and 
well-behaved, suffered from the disease when he was 10. He became so 
mischievous after the attack that it was difficult to manage him at home 
and at school. He would lie, steal, tease other boys, make sexual advances 
to young girls and to grown up women and practise a thousand other 
naughty and foolish tricks against anybody and everybody without any 
regard for age, position or relation. 

(5) Effect on the mind of drugs, operations and oth6r therapeutic 
measures used in general medicine, surgery and gynaecology. — The drugs 
used in general medicine liave marked effect on t£e mind of the individual 
taking them, but unfortunately these are not taken into account when they 
are used for their somatic action. Benzedrine sulph is often used for its 
mild adrenalin effect and more commonly for its drying effect on the 
nasal mucous membrane. On the mental aspect, in 10-20 mg. doses it 
produces exhilaration and increase in energy and power of concentration 
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and definite increase in intelligence score. Bigger doses produce confusion 
and disorientation. Qne student who used the drug before an examination 
filled the pages of his examination paper by writii^ his own name 
repeatedly m them feeling confident that he was writing a good p»per» 
though he was not suftering from any marked somatic poisonous effect 
of the drug. Sodium benzoate in ordinary doses retards menteJ process. 
Mescaline when used by mouth or by injection perverts ^eci^ senses. 
Things taste, smell, look and hear different. Gradually the feeling of the 
body vanishes; position of the limbs cannot be localized. Drugs of the 
bell^onna group are often used for relieving colic, etc. I was called in to 
see a patient who had been given one, injection of hyoscine hydrobrom 

f '. 1/130 and two tablets gr. 1/76 each of the same drug by mouth and 
found kirn absolutely mad. Barbiturates are the most commonly used 
hypnotics tuid anti-convulsants. When they are used for a long time, 
along with some somatic toxic effects are found disorientation, narrowing 
of horizon of attention, hypomanic picture, euphoria like state, hallucina- 
tions, delusions, confusion and incessant incoherent talk. Bromides are 
often continued for months or even years for epilepsy. There are many 
commonly used patent medicines which contain bromides in large doses. 
The result of such continued tise of bromides are visual and auditory 
hallucinations and depression with suicidal tendencies. This sort of 
bromide psychosis is so common nowadays that in most up-to-date 
mental hospitals it is a routine practice to estimate the quantity of 
bromides in blood and urine of every patient on admission, in order to 
exclude this. Opium, cocain, alcohol and chloroform habits are usually 
acquired after medicinal use of these drugs. The mental symptoms of 
these drug habits are too well known to require any description. 

Surgical and gynaecological operations which result in permanent 
defect, debility, deformity or disability, e.g. amputation of a limb, ankylosis 
of a joint, enucleation of an eye, chopping off of an ear or the nose or 
removal of the testes, ovaries or the uterus have mental repercussions 
much more severe than the operators usually think of. 

The above are only a few of thousands of instances of psychosomatic 
relation wdth which the general practitioner must be conversant in order 
to be able to treat his patients efficiently. I do not mean that every 
physician should be a psychiatrist but I expect them at least to be 
psychiatrically minded. Inclusion of psychiatry in the general medical 
curriculum will provide better opportiuiities to the future medical 
profession to understand these psychosomatic relations. 

7. Mb. Pabs Kam, Lahore. 

Modem psychology and psycho-analysis in particular has, no doubt, 
increased our understanding of the genesis of somatic diseases by bringing 
home to us the presence of a psychologiccd factor in these diseases. It has 
not, howrever, developed tools by which psychological factors which 
ex^gerate somatic symptoms can be exploited for therapeutic purposes. 
With the exception of a few neurosis psycho -analytical therapy cannot 
be made use of in treating nisjor psychosis and chronic diseases. The 
medical practitioner whose primary interest lies in healing his patients is, 
therefore, likely to feel disappointed at the heuids of modem psychology. 
Nor should the task of healing somatic diseases with psychological methods 
be taken lightly. The duration and expenses of a pEychological treatment 
are such as very few people can afford it. Psycho-therapy is still in 
experimental stage for the most part. Before its concepts are properly 
incorporated in the current medical practice, its scope, its successes and 
failures as a therapy and its limitations have to be put to a rmorous 
ei^rimental test under properly controlled conditions. There are odious 
difficulties in such a procedure. 

•For the present, therefore, psycho-therapy and medicine should follow 
their own development. Will the introduction of psychology in the 



Part IV — Discuaaione. 


181 


ouirioulom of medioal ooUeges in India help the physioian of the fhtnre to 
appreciate the pgyohologic^ factor in somatic diseiMes 7 The answer to 
tbu question lias to be discovered after some experimentation. In my 
opinion training in psycho-therapy is a fuQ time occupation and a physioian 
hM to aoo^t it fully or not at all. Hence a course in t^cholo^ may 
only interfere with the ta^aining implied in the usual medical curricidum. 
Of course, a diploma course in psychology for the practising physician is 
likely to prove of value. 

8. Mb. a. C. XJkil, Calcutta. 

Mr. XJkil opined that want of sympathy for psychology on the part 
of mediced men was due to want of acquaintance with the subject. 

He pleaded that the psychologists might find a method of effecting 
quick cure, so that their help could be of practical help to the ordinary 
medical practitioners. 
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Bhattacharya, G. N., M.Sc., Physicist, Indian Lac Research Institute, 
Namkum P.O., Ranchi. 
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Bose, P. K., D.Sc., Chemistry Department, Science College, 92, Upper 
Circular Road, Calcutta. 

Bose, Satyendranath, M.Sc., F.N.I., Dean of the Faculty of Science, 
Dacca University, Physical Laboratory, Rcunna, Dacca. 
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Bose, Sudhir Kumar, M.A., M.Sc., Department of Psychology, Science 
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Science and Technology, 92, Upper Circular Road, Calcutta. 
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College, Darbhanga Research Scholar and Griffith Scholar, Calcutta 
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Dun. 
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Ohatterjee, Nirmal Nath, H.Sc., Leoturer in Oeology, Calcutta University ; 
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Chatterjee, S. C., D.Sc., P.R.S., F.R.G.S., F.G.M.S., Bihar Educational 
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Chatterjee, S. P,, T.D., Ph.D., Docteur de L’Universite (Paris), F.G.S., 
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House, Calcutta. 
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Lucknow. 
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Chaudhury, Subodh Gobinda, D.Sc., Assistant Lecturer in Physical 
Chemistry, University College of Science, 92, Upper Circular Road, 
Calcutta. 
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University, Lucknow. 
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Dasa-Rao, C. J., B.Sc.Ag,, M.Sc. (Hons.), Lecturer, Department of 
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Das-Gupta, S. N., Ph.D. (Lond.), D.I.C., M.Sc., Reader in Botany, 
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of Chemistry, Presidency College, Madras. 

Dey, S. S., M.Sc., Research Scholar, Applied Chemistry Department, 
University College of Science, 92, Upper Circular Road, Calcutta. 
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Ranchi Indian Mental Hospital, Kanke, Ranchi. 

Dikshit, B. B,, Ph.D., M.B., M.R.C.P., D.P.H., Officer-in-charge, Depart- 
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Dutt, Jitendra Nath, B.Sc., M.B., Medical Practitioner, Visiting Physician, 
Carmichael Medical College, 15, Rammoy Road, Bhawanipore,. 
Calcutta. 

Dutt, N. L., M.Sc., Imperial Sugarcane Station, Lawley Road, Coimbatore,. 
S. India. 
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Hajumdar, Janendra Narayan, M.Sc.» Department of Chemistry and 
Assaying, Indian School of Mines, Dhanbad. 

Malik, Chulam Mustafa, B.Sc. (Hons.)* Pisciculturist, Game and Fisheries 
Office, Srinagar, Kashmir. 

Malik, Khazansingh, Biochemist, School of Tropical Bfiedicine, Chittaranjan 
Avenue, Calcutta. 

Mallik, A. K., M.Sc., B.Sc. (^.), Assoc.I.A.R.I., Assistant Agricultural 
Ifoteorologist, Meteorological Office, Poona 5. 

*Manen, Johan van, C.I.E., Officer de Tlnstruction Publique, F.R.A.S.B., 
6, Temple Chambers, 6, Old Post Office Street, Calcutta. 

Manjunath, B. L., B.A.,*" M.Sc. (Lond.), D.Phil. (Oxon.), Professor of 
Organic Chemistry, Central College, Bangalore. 

Marr, F. A., c/o The Burmah Oil Co., Ltd., P.O. Digboi, Upper Assam. 

Bfasani, Nariman Adarji, M.A., B.Sc., Technical Chemist, Petit Mansions, 
Sleater Road, Bombay 7. 

Mathur, C. H., M.Sc., Ambagh, P.O. Sonmiani, via Karachi. 

Mathur, Kailas Nath, D.Sc., F.Inst.P., A.R.P.S., Lecturer in Physics, 
Lucknow University, Badshahbagh, Lucknow. 

Mathur, S. N., M.B.B.S., Ph.D. (Lond.), Lecturer in Physiology, King 
George's Medical College, Lucknow. 

Matthai, G., I.E.S., Professor of Zoology, Panjab University, Lahore. 

Mehra, H. R., M.Sc., Ph.D. (Cantab.), Reader in Zoology, University of 
Allahabad, .33, Chatham Lines, Allahabad. 

♦Mehta, Ji\Taj Narayan, M.D. (Lond.), M.R.C.P. (Lond.), L.M. A S. 
(Bom.), F.C.P.S. (Bom.), Physician, Dean, Seth Gordhandas Sunder* 
das M^ical College and King Edward VII Memorial Hospital, Parel, 
Bombay 12. 

Mehta, K. C., M.Sc., Ph.D., F.N.I., Professor of Botany, Agra College, 
Agra, U.P. 

Mehta, (Miss) Maneck M., M.A., M.Sc. (Bombay), D.Sc., Ph.D. (Lond.), 
F.I.C., D.I.C., Profipssor of Chemistry, Queen^Mary’s College, Myhi' 
pore, Madras. 

Mehta, S. M., B.A., M.Sc*., A.I.C., Lecturer in Inorganic Chemistry, 
Institute of Science, Bombay. 

Menon, K. P., L.R.C.P. A S. (Edin.), King Institute, Guindy, Madras. 

Menon, T. Sudhakara, M.Sc., Cochin Port Geologist, Kumara . Vilas, 
Chittoor Road, Emaculam, Cochin State. 

Menzel, (Rev.) Emil W., M.A., B.D., Missionary and Manager of Schools, 
Bisrampur, C.P., via Bhatapara. 

Mirchandani, T. J., M.Sc., Ph.D. (Loud.), Agricultural Chemist and Soil 
Physicist, Agricultiiral Research Station, Sakrand (Sind). 

Misra, A. B,, D.Sc., D.Phil. (Oxon.), Professor and Head of the Department 
of Zoology, Benares Hindu University, Benares. 

Misra, M. P., M.Sc., Ist Field Assistant Entomologist, Indian Lac Research 
Institute, P.O. Namkum, Ranchi. 

Mitra, Amulya Nath, M.Sc., M.B., Department of Zoology, Calcutta 
University, 8/B, Tamer Lane, P.O. Amherst Street, Calcutta. 

Mitra, Chandidas, B.Sc., B.C.E.. Assistant Engineer, P.W.D. (Bihar), In 
Charge of Ba^wan Sub-division, P.O. Kudra, Dist. Shahabad. 

Mitra, H. K., M.Sc. (Cal.), Ph.D. (Pittsburg.), Tata Iron A Steel Co., Ltd., 
12/A, R^l East, Jamshedpur. 

Mitra, K., M.B., D.P.H. (Cal.), D.T.M. A H. (Eng.), F.S.S. (Lond.), 
Officer-in -charge. Nutrition Scheme, Public Health Laboratories, 
P.O. Bankipur, Patna. . * 

Mitra, K. N., M.B.B.S., B.Sc., Hospital for Women, Medical College, 
Bankipur, Patna. 

Mitra, M., Assistant Bfycologist, Imperial Agricultural Research Institute, 
New Delhi. 

Mitra, Ramprasad, D.Sc., Senior Assistant Soil Chemist under the Imperial 
(Tounoil of A^oultural Research, University College of Science and 
Technology, v2. Upper Circular Road, Calcutta. 
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Mitm. Sabodh, lUi., F,R.O.S., F.O.O.G.. AMOoiftto ProfeMor of Ifid. 
wifery, Oarmioliiiiri ICedioal CoIl«ge» 3» Chowring^ee Termoe, P.O, 
Elffin Boad, Calcutta, 

Hitra, Suhrit Chandra, M.A. (Cal.), Ph.D. (Leipzig), Leoturw, Psychology 
Department, University College of Science, 6/2, Kirti Hitter Lane, 
OUoutta. 

Mitra, S. K., D.Sc, (Cal. & Paris), F.N.I., Sir Rashbehary Ghosh 

l^fessor of Physics, University College of Science, 92, Upper Circular 
Road, Calcutta. 

HittOT, G. C., O.B.E., M.Sc., F.I.C., Chief Assayer, His Majesty's Mint, 
Calcutta. 

Hitter, P. C.. M.A., Ph.D., F.N.I., Palit Professor and Head of the Be- 
partment of Pure Chemistry, Calcutta University, University College 
of Science, 92, Upper Circular Road, Calcutta. 

Hittra, Habul Chandra, M.Sc., Chemist, Nutrition Scheme, Bihar, Public 
Health Laboratories, Bankipore, Patna. 

Hoc^e, D. N., M.Sc., Assistant Professor of Mathematics, Ramnarain Ruia 
CoDoge, Matunga, Bombay 19. 

Mohan, Brij, M.A., Ph.D., Assistant Professor of Mathematics, Benares 
Hindu University, Benares. 

Mookerjee, Himadri Kumar, M.Sc. (Cal.), D.I.C., D.Sc. (Lond.), University 
Professor and Head of the Department of Zoology, Calcutta Uni- 
versity, 27, Kailas Bose Street, Calcutta. 

Mookerjee, R. P., M.A., B.L., 77, Ashutosh Mukherjee Road, Bhowanipore, 
Calcutta. 

Mookherji, Krishna Chandra, M.Sc., Research Scholar, Applied Psychology 
Section, University College of Science, 92, Upper Circular Road, 
Calcutta. 

Moses, S. T., M.A., D.Sc., F.Z.S., F.R.A.I., Director of Fisheries, Baroda. 

Motwani, Kewal, A.M., Ph.D., Seva Kunj, Garikhata, Karachi. 

Moudgill, Kishori Lai, M.A. (Cantab.), D.Sc., F.I.C., The University of 
Travancore, Trivandrum, South India. 

Mukerjea, H. S., Rai Sahib, M.A., Late Registrar, Finance, Commerce 
and Marine Departments, Government of Bengal, 1 8, Heysham Road, 
Bhawanipore. Calcutta. 

Mukerjee, Gopal Chandra, M.Sc., M.A.I.E.E., M.I.R.E., A.I.E.E., Professor 
of Electrical Engineering, Engineering College, Benares Hindu 
University, Benares. 

Mukeijee, H. N., Offg. Agricultural Chemist, P.O. Sabour, Dist. Bhagalpur, 

Mukerji, B., M.D., D.Sc., Pharmacologist, Biochemical Standardization 
Laboratory, All-India Institute of Hygiene and Public Health, 1 10, 
Chittaranjan Avenue, Calcutta. 

Mukeiji, Durgadas, M.Sc., Zoological Laboratory, University College of 
Science, 35, Ballygunge Circular Road, Calcutta. 

Mukerji, Nirode Prosad, M.Sc. (Cal.), Ph.D. (Lond.), Teachers’ Training 
Department, Calcutta University, 1 /5, Fern Road, Ballygunge, 
Calcutta. 

Mukh^e, Sunil Kumar, Ghosh Research Scholar in Botany, 35, Ballygunge 
Circular Road, Calcutta. 

Mukheijee, Amiya Charan, M.Sc., M.B., D.T.M., Department of Anatomy, 
Carmichael Medical College ; M^ical Practitioner, 2, Nayaratna 
Lane, Shambazar, Calcutta. 

Mukheijee, B. B., Reader in Economics and Sociology, University of 
Lucknow, Woodlands, Badshahbag, Lucknow. 

Mukheijee, J. N., D.Sc. (Lond.), F.C.S., F.R.A.8.B., F.N.L, Ghose 
Professor of Chemistry, Calcutta University, University College of 
Science, 92, Upper Circular Road, Calcutta* 

Mukheijee, S. K., m.Sc., B.L., Assistant Superintendent, H.E.H. The 
Nimm’s Geological Survey, Jeera Compound, Secunderabad, Deccan. 

Mukheijee, S. N., M.Sc., Assistant Lecturer in Chemistry, University 
College of Science, 92, Upper Circular Road, Calcutta. 
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Moktoji, K. C., Leotiurert Dacca University, 51, Lalbag, Dacca. 

Miikhopadhyaya, Dwarka Nath, H.Sc., Vice-Princ&iU and l^feaaor of 
Physics, Vidyasam OoUege, P. 428, Mudiali Road, P.O. Kalig^t, 
Oftfentta. 

Muli^, B. N., M.Sc., Ph.D., Assistant Professor of Biology, Sind College, 
&araohi. 

Mulye, Bhalohandra D., M.B.B.S., Sakkar Bazar, Indore City. 

Mnlye, V. K., Kao Bahadur, K.I.H., B.A., Shiva Vilas. 85, Jima Toph- 
khana Main Street, Indore City, C.I. 

Hurthy, L. S, Kriidina, B.Sc., Petrologist, Geological Survey, Hyderabad, 
Deccan. 

Muthuswami, T. N., H.A., L.T., Assistcuit Professor of Geology, Presidency 
College, Triplicane P.O. Bheema Sena Gardens, 3(ylapore, Madras. 
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Nag, N. C., M.A., F.LC., 18/28, Dover Lane, Calcutta. 

Naidu, P. S., M.A., University Lecturer in Psychology, Annamalai Uni* 
versity, Annamalainagar P.O., Dist. S. Ai«ot. 

Naidu, (Sri) S. Raja^pal, M.B.E., B.A., M.B.B.S., H.Sc. (Lond.), D.I.C., 
F.I.C., Chemical Examiner to Govemmffiot, Office of the Chemical 
Examiner to Government, Park Town, Madras. 

Naik, R. N., G.B.V.C., Veterinary Investigation Officer, Bombay Presi- 
dency, Parel, Bombay. 

Nangpal, H D., M.So., Cotton Entomologist, Parbhani, Deccan. 

Naolekar, G. G., M.B., D.P.H. (Lond.), District Hecdth Officer and Vacci- 
nation Superintendent, S. Division, Indore, C.I. 

Narayan, Shiv, Sc.D., M.A., B.E., M.I.E.E. (Lond.), M.I.E. (India), 
(Retired Principal, Coll^ of Engineering and Hon. Professor of 
Electrical Engineering, S. P. College), 45, Wellesley Road, Poona. 

Narayana, B., M.So., M.B., Ph.D., F.R.S.E., Pipfessor of Physiology, 
P.W. Medical College, Patna. 

Narayana, P. 8., B.A., B.Sc., M.M.G.I., Consulting Geologist and Mining 
Engineer, * The Mines House *, Malleswaram P.O., Bangalore. 

Nariman. R, K., A.C.H.. BlI.C.E., M.Am.8o.C.E., M.R.B.S., M.R.S.A., 
M.A.C. A A.E.. F.R.G.S., M.E.I. (Can.), P.O. Box 518, Bombay. 

Narke, G. G., M.A. (Cal.), B.Sc. (Mining), M.Sc. (BCaaohe^r), Professor 
of Geology and Chemistry, College of Engineering, Sh^ Sainath 
Bhuwan, Bhamburda, Poona 5. 

Narlikar, V. V., B.Sc. (Bom.), B.A. (Cantab.), F.R.A.S.. F.N.I., Head of 
the Mathematics Department, Benares Hindu University, Batiares. 

Narwani, C. S., Dayaram Jethmal Smd College, Karachi. 

Natarajan, C. V., B.Sc., M.B. A B.S., Dr.P.H., Superintendent, Public 
Health Institute, Bangalore. 

Nath, Raj, M.Sc., D.I.C., Ph.D. (Lond.), Head of the Department of 
Geolo^, Benares Hindu University, Benares. 

Nayar, A. S. Mannadi, M.B.B.S., Ph.D. (Bdin.), Professor of Bioohemistry, 
Medical College, 19, Victoria Crescent, E^^ore, Madras. 

Nayar, M. Raman, Lecturer in Chemistry, Lucknow University, Lucknow. 

Nekaliun, M.8o. (AgrL), Assoc. 1A.R.I., PA.8., Extra Assistant Director 
of A^culture, Ambala City, Punji^. 

Neogi, Panohanan, M.A., Ph J>., I.E.8., Professor of Chemistry, Presidency 
CoUeffs, 44A, New Shambasar Sti^, Calcutta. 

^iyogi, Bibhutibhusan, B.Sc., A.I.C., Lecturer in (ffiemistryVmd Assa 3 nng, 
mdian School of Mines, Dhanbad. 

Normand, C. W. B., M^A., D.So., O.I.E., FJI7X, Dirsotor-Qeneral of 
Observatories, * Simla House Poona 5. 
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Pal, B. P., M.Sc., Ph.D. <Ceuitab.)» F.L.S., Imperial Economic Botanist^ 
Imperial Agricultural Research Institute, New Delhi. 

Pfld, G., D.So„ K.Sc., Lecturer, Department of Psychology, University 
College of Science, 92, Upper Circular Road, Calcutta, 61, Hindusthan 
Park, Ballygunge, Calcutta. 

Pandit, C. G., M.B.B,S.. Ph.D„ D.P.H., D.T.M., F.N.I., Assistant Director, 
King Institute, Guindy, IMCadras. 

Pandya, Anant H., Sc.D. (Eng.), A.M.Am.Soc.C.E., A.M.I.Struct.E., 
A3C.I.E., A.]MC.!^st.W., I^incipal, Bengal Engineering College, P.O. 
Botanic Garden, Howrah. 

Pandya, K. C., M.A., Ph.D., D.I.C., Professor of Chemistry, St. John’s 
College ; Shanti Kunja, Baq Muzaffarkhan, Agra. 

Panikkar, M. R. V., B.Sc. (Edin.), M.R.C.V.S., Principal, Madras Veteri- 
nary College, Vepery P.O., IM^ras. 

Parameswaran, H., M.A., Ph.D., D.Sc., F.Inst.P., Professor and Head of 
the Department of Physics, Travancore University, Trivandrum, 
Travancore, S. India. 

Paranjpe, Gopal Ramchandra, M.So., F.N.I., I.E.S., J.P., Professor of 
Physics and Principal, Royal Institute of Science, Mayo Road, 
Bombay. 

Paranjpe, Mahadeo Ramchandra, M.A., B.Sc., Bombay University 
Teacher in Education, 520, Narayan Peth, Poona 2. 

Parija, Prankrishna, M.A. (Cantab.), B.Sc., F.N.I., I.E.S., Principal, 
I^venshaw College, Cuttack. 

♦Parkar, R. N., F.C.H., c/o. Thos. Cook & Sons, Cape Town, S. Africa. 

Parmar, Yeswant Singh, M.A., LL.B., District A Scions Judge, Nahan, 
Ambala. 

Pasricha, C. L., Major, M.A., M.B., I.M.S., Professor of PathoIog>% School 
of Tropical Medicine, Chittaranjan Avenue, Calcutta. 

Patel, J. S., M.Sc., Ph.D., Director, Jute Research Laboratory, Forhat 
Manzil, P. O. l^mna, Dacca. 

Patel, M. S., M.Sc., Ph.D. (Cornell), Consulting Industrial Chemist, 
Chemical Engineer Economic Geologist, Santa Cruz, Bombay, 

^Patel, Purshotamdas Tulsidas, M.D. (Lond.), M.R.C.P. (Lond.), D.T.M.H. 
(Cantab.), F.C.*P.S. (Bom.), Medical Superintendent, City Isolation 
Hospitals, Arthur Road, Jacob Circle, Bombay. 

Pathak, Balkrishna Amerji, M.B.B.S., Principal, Ayurv^edic College, 
Benares Hindu University, Benares. 

Patwardhan, K. A., Daly College, Indore. 

Patwardhan, Vinayak Anant, B.A., M.Sc. (Bom.), Ph.D. (Lond.), A.I.l.Sc., 
Professor of Chemistry, Fergusson College, Hira Niwas, Near Avoya- 
bhusan Press, Poona 4. 

Pichamuthu, Charles, B.Sc., Ph.D. (Glas.), F.R.S.E., F.G.S., Assistant 
Professor of Geology, Central College, ^ngalore. 

Pillai, C. K. Krishnaswami, M*A., M.Sc., D.I.C., Professor of Geology, 
Presidency College, (Vijiaraghavachary Road), Theagaroya Nagar 
P.O., Madras. 

Pinfold, E. S., M.A., F.G.S., F.N.I., Geologist, c/o Messrs. Steel Bros. A 
Co., Ltd., Gillanders Buildings, Clive Street, Calcutta. 

Pithawalla, Maneck B., B.A., D.Sc., L.C.P. (Lond.), F.G.8., M.R.A.S., 
M.R.S.T., Professor of Geology, N.E.D. Engineering College, Karachi* 

Prabhat Film Co., Prabhatnagar, Poona 4. 

Pramanik, S. K., M.Sc. (Luck.), Ph.D. (Lond.), D.I.C., Meteorological 
Office, Ganeshkhind Road, Poona. 

Prasad, B. N., D.Sc. (Paris), Ph.D. (Liverpool), F.N.I., Mathematics 
Department, University of Allahabad, Allahabad. 
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Prasad, Balbhadra, B:Sc. (Lond.)» Professor of Chemistry, Ravenshaw 
Collw> Oattaok. 

Prasad, C^andi, 1C.A., B.Sc., Principal, Queen^s Intermediate College, 22, 
Senpura, Benares City. 

Prasad, Kali, H.A., LL.B., Lecturer in Psychology, Lucknow University, 
Lucknow. 

Prasad, Kamta, Professor, Physics Department, Science College, Patna. 

Prasad, Mata, D.Sc. (Benares), F.N.I., Professor of Inorganic and Physical 
Chemistry, Royal Institute of Science, Fort, Bombay. 

Prasannakumar, C., M.Sc., Department of Geology, University of Mysore, 
Intermediate College, Mysore. 

Prashad, Baini. D.Sc., F.R.S.E.. F.L.S., F.Z.S., F.R.A.S.B., F.N.L, 
Director, Zoological Survey of India, Indian Museum, Calcutta. 

Pruthi, Hem Singh, M.Sc. (Punjab), Ph.D. (Cantab.), F.R.A.S.B., F.N.I., 
Imperial Entomologist, Imperial Institute of Agricultural Research, 
New Delhi. 

Pimtambekar, S. V., M.Sc., Ph.D., Assistant Chemist, Forest Research 
Institute, Dehra Dun, U.P. 

Punvani, M. G., B.A., M.B.B.S., Professor of Biology, D.J. Sind College, 
Amil Colony, Karachi. 

Puri, A. N., Ph.D., D.Sc. (Lond.), A.I.C., Physical Chemist, Punjab 
Irrigation Research Institute, Lahore. 

Puri, V., M.Sc., D.Sc. (Agra), Head of the Biology Department, Meerut 
College, MMrut. 


Q 

Qwiri, Mohd. Afzal Husain, M.Sc., Ph.D. (Alig.), Ph.D. (Cantab.), Lectiuer 
in Zoology, Zoology Department, Muslim University, Aligarh. 
Qazilbash, Nawazish AJi, Professor of Botany, Islamia College, Peshawar. 
Qureshi, Muzaffaruddin, M.Sc., Ph.D., F.N.I.;*Head of the Chemistry 
Department, Osmania University College, Hyderabad, Deccan. 


R 

Racine, (Rev.) C., S.J., D.Sc. (Paris), Professor of Mathematics, Loyola 
College, P.O. Cathedral, Meuiras. 

Raghavachari, T. N. S., Rao Sahib, King Institute of Preventive Medicine, 
Guindy, 8, Murugesa Mudaliar Road, Thyagarayanagar P.O., Madras. 

Rahimullah, M., Department of Fisheries, H.E.H. the Nizam's Govern- 
ment, Hyderabad, Deccan. 

Rahman, S. A., Professor of Physiology, Medical College, Mohalla Lingum- 
pally, Hyderabad, Deccan. 

Rahman, Wahid ur, B.Sc., Head of the Department of Physics, Osmania 
University, P.O. Lallaguda, Hyderabad, Deccan. 

Raichoudhury, D. P., Ph.D. (Lond.), D.I.C., F.R.E.8., University Lecturer 
in Zoology, Calcutta University, 36, Ballygunge Circular Road, 
Calcutta. 

•Raj, B. Stmdara, Diwan Bahadur, M.A., Ph.D., F.N.I., The Anchorage, 
Adyar, Madras. 

Rajagopalan, V. R., Assistant Serologist, I.V.R.T., Mukteswar, Kumaim, 
Nainital. , 

Rajagopalan, V. S., M.A., Research Student, Physics Department, Indian 
mstitute of Science, Hebbal P.O., Bangalore. 

Rajagopalaswamy, Kurma, M.A. (Cantab.), Geologist to the Associated 
^ Cement Companies Ltd., Esplanade House, Fort, Bombay. 

Rajderkar, E, B., M.So., Industrial Physicist, Commissariat Building, 
Hornby Road, Fort, Bombay 1. 

Rakshit, N. N., Chief Engineer, Tatanagar Foundry Co., Tatanagar, 
B.N. Ry. 
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(Cwt.)» Frabhas Chandra, M.B., M.So« (CaL)» L.M. (Bub.)* 
PhJD. (iSdin.)* AXB.O.> Lecturer in Physiology, Oarmiohael 

ICedioal Collage, 1, Belgaohia Road, Shambazar P.O. ; 92, Beltala 
Boad, Kalig^t, Calcutta. 

Ramakrishnan, S., L.R.C.P. A S., B.T.M. A H., Professor of Bacteriology, 
Medical C^ege, Madras. 

Raman, G. A., Ch^ Chemist Goodhis Wbll (India) Ltd., Fergusson Road, 
Lower Parel, Bombay 13. 

Ramanathan, K. R., M.A., B.Sc., F.N.I., Superintending Meteorologist, 
Meteorological Officer, Poona 5. 

Ramanathan, V., Rao Bediadur, Cotton Specialist, Research Institute, 
Laudey Road P.O., Coimbatore. 

Ramanuiam, S. G. Manavala, M.A., Ph.B., B.I.C., F.Z.S., F.R.M.S., 
Promssor of Zoology, Presidency College, Madras. 

Ramaswami, L. S., B.So., Bepartment of Zoology, Intermediate College, 
MyiBore. 

Ramd^ L, A., M.A., Ph.B., F.K.I., Agricultural Meteorologist, Meteoro- 
logical Office, Poona 5. 

Ramiah, K., M.B.E., M.Sc., Bin.Agri. (Cantab.), L.Ag., Institute of Plant 
Industry, Indore, C.I. 

Ranade, Shridhar Balkridma, B.A., M.Sc., Bombay Educational Service, 
Lecturer in Biology, Ismail College, Andheri, ^mbay Presidency. 

Ranade, V. V., 101, Shukrawar Peth, Poona 2. 

Rangan, V. A. K., B.A., F.R.E.S. (Lond.), 6, Gopalakrishna Road, 
Thyagarayanagar, Madras. 

Rmigocm, The University of, Rangoon, Burma. 

Ranjan, Shri, M.So. (Cantab.), Bocteur-er-Sciences, F.A.Sc., Bepartment 
of Botany, Allalmbad University, Allahabad. 

Rao, A. Nagaraja, M.Sc., Br.Ing., A.I.C., Physical Chemist, Imperial 
Institute of Sugar Technology, Cawnpore. 

Rao, B. Bhujanga, M.B.B.S., N.Hy., B.T.M. A Hy., J.P., Chemical 
AnAlyaet to Government, Byculla, Bombay 8. 

Rao, B. Rama, M.A., B.I.C., F.G.8., F.N.I., Birector, Mysore Geological 
Bepartment, * Srtvilas *, Visvesvarapur, Bangalore City. 

Rao, B. Sanjiva, M.A., Ph.B. (Lond.), Professor of Chemistry, Central 
College, Bangalore. 

Rao, B. S. Madhava, B.Sc., Professor of Mathematics, Central College, 
Bangalore. 

Rao, C. B. Rama, Rao Bahadur, B.A., M.B., Retired Civil Surgeon, 

* Kantinivas*, Basavangudi, Bangalore City. 

Rao, C. R. Narayan, M.A., I^fessor of Zoology, Central College, Bangalore, 
and Editor, * Current Science % P.O. Hebbal, Bangalore. 

Rao, G. Gopala, B.Sc., Reader in Chemistry, Andhra University, Waltair. 

Rao, G. S. Raghunatha, B.Sc., M.B.B.S., B.Phil. (Ozon.), BepaHment of 
Pharmacology, Medical Ck>llege, Mysore. 

Rao, H. Srinivasa, M.A., B.Sc., F.A.Sc., F.N.I., Assistant Superintendent, 
Zoological Survey of India, Indian Museum, Calcutta. 

Rao, 1. M., M.A., M.Sc., Plant Physiologist, Bry Farming Research 
Station, Rohtak, Punjab. 

Rao, I. Ramakrishna, M.A., Ph.B. (Cal.), B.So. (Lond.), Bepartment of 
Physics, Andhra University, Waltair. 

Rao, K. Aswath Narain, B.Sc. (Lond.), F.I.C., B.I.C., Sugar Chemistry 
BqfMsrtment, Imperial Institute of Sugar Technology, NawabganJ, 
Cawnpore. 
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